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LOCATION. 


The area discussed is in the north central part of Beaver 
County, Utah, about 180 miles a little west of south of Salt Lake 
City. Milford, a few miles east of the district, on the San Pedro, 
Los Angeles and Salt Lake Railroad, is the railroad center of the 
region. A branch of the railroad extends to Frisco and New- 
house and serves the Horn Silver, Cactus, and other mines. 

The area includes the following districts: San Francisco and 
Pruess districts in the San Francisco Range, the Beaver Lake and 
Rocky districts in the mountains of these respective names, and 
the Star district in the Star Range. 


HISTORY AND PRODUCTION. 


The first mining district organized in this part of the State 
was the Star district, in 1870. For several years following 1870 


1 Published by permission of the Director of the U. S. Geological Survey. 

2 This paper is a summary of the results of a study of the San Francisco 
and adjacent districts, Utah, which is presented in detail in Professional 
Paper No. 80, U. S. Geological Survey. This summary, prepared at the 
request of the editor, is intended to present in a concise form the features 
of more or less general interest. Those who have a particular interest in the 
districts or wish more details concerning any of the features presented, ref- 
erences to the literature, etc., are referred to the complete report. 
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there was a considerable production of lead-silver ores from that 
district. 

The Horn Silver mine was discovered in 1875 and for about 
ten years following was one of the most productive mines of the 
State. ifrom about 1885 its production greatly decreased, but it 
has been in almost continuous operation to the present time. It 
has yielded metals of a total value of about $20,500,000 and has 
paid in dividends $6,892,000. 

The Cactus mine was one of the earliest locations in the region 
and was worked to some extent at various times over a long 
period, but development on a large scale did not begin till about 
1903 and important production began in 1905. To June 30, 
1912, the mine had yielded about 24,947,000 pounds of copper, 
9,958 ounces gold, and 220,056 ounces silver. The largest pro- 
duction was made in the years 1905 to 1908 inclusive. 

The Beaver Lake and Rocky districts have been important con- 
tributors at different times, and in recent years the Star district, 
after a long period of relative quiet, has become an active 
producer. 

The following table gives the production of the several dis- 
tricts from the beginning of operation to the close of 1912: 


APPROXIMATE OUTPUT OF THE SAN FRANCISCO AND ADJACENT DISTRICTS, 
UTAH, TO THE CLOSE OF IQI2. 


| | 


| Gold, | | | 
istri | Fi Silver, Copper, Lead, | _ Zine, Total 
ete. | — Fine Ozs. | Pounds. | Pounds. | Pounds. Value. 


San Francisco j 
and Preuss... .|18,320 15,625,989 33,798,090 |335,220,378 | 5,800,717 |$28,389,278 
Star and North | 


| 1,464 938,032 954,822 | 23,596,962 | 227,075 | 2,092,865 
Beaver Lake and | | 
| | 
Total. ......!20,262 | 16,617,565 37,496,793 |358,807.340 | 6,037,692 $30,952,161 


GENERAL GEOLOGY. 
PHYSIOGRAPHY. 
Topographically and physiographically the region under dis- 
cussion is similar to other parts of the Great Basin region. Char- 
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acteristic features are north-south ranges rising abruptly from 
flat desert valleys. These north-south ranges have several fea- 
tures in common; for example, considering the Mineral Range 
east of the area discussed, the San Francisco Range within the 
area, and the Wa Wa Range next to the west, they are found 
to have the following common characteristics: a gentle easterly 
slope and an abrupt westerly slope; a gentle easterly dip of the 
strata; lavas extending up on the eastern slopes but absent from 
the western; the western fronts forming a rather uniform straight 
line regardless of differing resistance of the formations com- 
posing a range. 

It is believed that these features are best explained by suppos- 
ing that the ranges were formed at a comparatively recent date by 
a breaking up of the area into blocks along north-south faults and 
the tilting of the resultant blocks. The areas between the ranges 
have subsequently been partially filled by débris resulting from 
the erosion of the higher portions. 

The Beaver Lake, Rocky, and Star ranges do not show char- 


acteristics in common with the other ranges and may have 
resulted from other causes. 


ROCKS. 


The rocks of the area include sedimentary intrusive and ex- 
trusive formations all of which are intimately connected with 
the ore deposits. 


SEDIMENTARY ROCKS. 


The sedimentary rocks range in age from the Ordovician and 
possibly from Cambrian to Triassic. Although no marked struc- 
tural unconformities have been recognized in the area, there were 
probably periods of non-deposition and possibly of erosion during 
the time that the sedimentray series was being formed. The 
accompanying diagram (Fig. 109) shows a generalized section of 
the sedimentary series. 
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HARRINGTON FORMATION 
( Thin-bedded shales with interbedded limestones 
and lenses of quartzite) 


ELEPHANT LIMESTONE 
(Heavy-bedded dolomitic and siliceous limestone) 
| 


Tauism AN QU. ARTZITE (Fine-gra ined pink quartzite) | 


TOPACHE LIMESTONE | 
( Heavy-bedded blue limestone with beds of shale and 


chert) | 


CARBONIFEROUS 


/ SHALE | 
( Calcareous shale interstratified with thin beds of | 


\ Gimestone) 


| 
Rep WARRIOR LIMESTONE 


dolomitic; lenses of quartzite near base) 


2500’ + 


2000’ + 


(Heavy-bedded blue and gray limestone, in part | 
| 
| 
| 


MoreHOUSE (?) QUARTZITE 

(Fine-grained pinkish quartzite containing some) 
Jine siliceous shale) 
This quartzite in the Star district is believed to be) 
represented, at least in part, in the upper portion of] 
the Morehouse quartzite of the Frisco district 


MOREHOUSE QUARTZITE | 
(Fine-grained pink and white quartzite with some 
shale beds) 


GRAMPIAN LIMESTONE | 
(Heavy-bedded bine and gray limestone, in part 
dolomitic, with limy shale at the top) 


Fic. 109. Generalized section of the sedimentary series in the San Francisco 


and adjacent districts. 
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EFFUSIVE ROCKS. 


Effusive rocks are present over large areas in the region and 
there is good evidence that at the time the lavas were poured out 
they covered the entire surface and were later removed in part by 
erosion. A complete section of the lavas is nowhere exposed, 
but their aggregate thickness amounts to several thousand feet. 
In physical character they vary from tuffs to massive flows that 
resemble intrusive, and in composition from rhyolite to olivine 
basalt. Representatives of the two extremes, however, are of 
relatively slight importance, the great bulk of the extrusive rocks 
have the composition of quartz latite as is seen from the follow- 
ing analyses that are believed to be fairly representative: 


CHEMICAL’ ANALYSES oF Lavas. 


I 2 5 6 7 
68.04 | 67.93 | 64.48 | 63.04 | 57.72 59-43 | 66.46 
84 .28 | None| 1.49 .90 1.84 0.49 
Sh 2.76 1.42 1.95 | 4.13 | 6.40 4.09 2.89 
4.06 3-54] 4.81 | 3.43 | 4.94 3:98 4.79 
4.27 3.91 | 3.39 | 3.261 4.36 5.04 3.74 


Probable Mineral Composition of Crystalline Rock. 


Orthoclase molecule...... 25 |? 2 '20 18 26 29 2I 
Albite molecule.......... 34 30 |40 28 42 } 30 40 } 
Anorthite molecule....... 10 } 44 7 37\10 f 516 f 44/20 62 14 44 14 34 
Hornblende, augite, and 


1. Heavy-bedded lava southeast of Squaw Springs (specimen 49). 

2. Thin-bedded lava northeast of Frisco (specimen 20). 

3. Lava from prospect 1%4 miles north of O K mine (specimen 187). 

4. Lava northwest of Carbonate mine (specimen 22). 

5. Lava from northwestern part of Star district (specimen 148). 

6. Augite latite, Dardanelle flow, Tuolumne County, Cal. Ransome, F. L., 
Am. Jour. Sci., 4th ser., Vol. 5, 1808, p. 363. 

7. Dacite, Bald Mountain, Rosita, Colo. Cross, Whitman, Seventeenth Ann. 
Rept. U. S. Geol. Survey, Pt. 2, 1896, p. 324. 
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INTRUSIVE ROCKS, 


Intrusive rocks are present as stocks in all the ranges within 
the area as shown in plate v. In addition to the large bodies 
of intrusives there are dikes and irregular bodies cutting all the 
formations. 

The large bodies are of granitic texture and intermediate com- 
position ranging from quartz monzonite to granodiorite. They 
are believed to have a common origin and to be simply variations 
resulting from differentiation of a common magma. The chem- 
ical composition and the mineralogical composition as calculated 
from the chemical analyses and microscopic study are shown in 
the accompanying table. 


ANALYSES OF QUARTZ MONZONITE FROM THE SAN FRANCISCO AND ADJACENT 
Districts, UTAH. 


_ | 2 | 3 4 5 | 6 
619.5 On | 62.10 | 66.00 64.00 | 64.41 | 65.00 | 65.70 
| 2.57 | 2.23 | 1.71 | 1.66! 2.00] 1.62 
| 5.31 | 3.93| 2.05 | 3.71 | 5.00| 2.56 
ON 3-56 | 3-60 | 3.55 | 3.60| 3.50| 3.62 
| 3.15 |. 4.04! 5.45 | 3-46 | 2.25] 4.62 
Approximate Mineral Composition. 

\17 \25 131 16 14 |27 


1. Quartz monzonite of Cactus area, San Francisco district. 

2. Quartz monzonite of Beaver Lake district. 

3. Quartz monzonite of Star district. 

4. Quartz monzonite of O K vertical shaft, Beaver Lake district. 

5. Average composition of granodiorite. Lindgren, Waldemar, Am. Jour. 
Sci., 4th ser., Vol. 9, 1900, p. 260. 

6. Quartz monzonite, San Miguel Peak, Telluride, Colo. Cross, Whitman, 
Telluride folio (No. 57), Geol. Atlas U. S., U. S. Geol. Survey, 1899, p. 6. 


The dike rocks are of at least two ages. Dikes of the quartz 
monzonite extend from the stocks into the adjacent rocks and 
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more basic dikes cut the quartz monzonite stocks and other for- 
mations. Siliceous dikes are also present in the quartz monzonite. 

The more basic dikes vary in composition from those differing 
but little from the quartz monzonite to those in which the dark 
silicates compose a large part of the rock. The most basic rocks 
are of lamprophyre type. 

The siliceous type also shows a variation from a granitic rock 
not differing greatly in composition from some of the rocks of 
the stocks, as shown by irregular bodies in Copper Gulch, to 
typical aplitic dikes composed essentially of quartz and ortho- 
clase. Some of the aplitic dikes contain sulphide that is believed 
to be an original constituent. The entire intrusive series are 
believed to have had a common origin, the different composition 
of the rocks being due to differentiation of the magma. 


RELATION OF THE INTRUSIVE AND EXTRUSIVE ROCKS. 


The relation of the intrusive and extrusive rocks, at many 
points in the area, is far from clear. In the rocky range, how- 
ever, dikes of the quartz monzonite stock cut the lava flows and 
in the San Francisco district, just northwest of Frisco, dikes of 
quartz monzonite porphyry, similar in composition to the stocks, 
are present in the flow rocks. These facts, together with the 
porphyritic character of the quartz monzonite of the stocks near 
the contact with the extrusive rocks, especially well shown in the 
point extending into the lavas north of Frisco, has led to the 
conclusion that the extrusive rocks are the earlier and that the 
intrusives cut, not only the sedimentary rocks, but also the lavas. 


AGE OF THE IGNEOUS ROCKS. 


The district furnishes no direct evidence of the age of the 
igneous rocks except that they are younger than the Triassic 
sediments. From a comparison with neighboring areas, however, 
it is believed that they are of Tertiary age. 
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STRUCTURE. 


The main recognizable structural features of the region have 
resulted from a gentle folding followed by the intrusion of the 
monzonite stocks and the subsequent breaking of the region into 
blocks and the tilting of the blocks to form the present mountain 
ranges. 

FOLDS. 


On the west side of the San Francisco Range the lower beds 
of the Grampian limestone have been folded into a broad anti- 
cline pitching gently to the north. In the upper beds the western 
limb has been entirely removed. In the Beaver Lake and Rocky 
ranges the earlier structural features have been entirely masked 
by those resulting from the intrusion of the quartz monzonite. 
In the Star district folds were not observed. 


STRUCTURES RESULTING FROM INTRUSION. 


The intrusive rocks for the most part broke through the earlier 
formations rather than spreading out in laccolithic form and 
doming the overlying rocks. There is, however, commonly a dip 
away from the intrusives and there was doubtless some doming 
of the overlying rocks. 

In the Star district, especially, there is evidence that an intru- 
sive mass has forced a block of sediments bodily before it to make 
room for the entering material. To what extent “stoping” (the 
dissolving or engulfing of the invaded rock) has been active in 
providing space for the entering material is not definitely known, 
but the writer is inclined to the view that it has been of minor 
importance as, according to Boutwell,’ is true in the Park City 
district. 

FAULTS. 


The most important structural features of the region are the 
result of faulting, which here, as in other parts of the Great 
Basin, has been a geologic factor of prime importance. Normal 


1 Boutwell, J. M., “Stratigraphy and Structure of the Park City Mining 
District, Utah,” Jour. Geology, Vol. 15, p. 458, 1907. 
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faulting is the type usually associated with the basin range struc- 
ture and such faults are believed to outline the San Francisco 
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Range both on the east and west. That on the east is exposed 
in the workings of the Horn Silver mine and has a known dis- 
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placement of 1,600 feet and is doubtless much more (see Fig. 
110). Other normal faults are present in the district, notably 
the northeast-southwest fault passing through Squaw Springs 
Gap in the San Francisco Range and throwing the lavas of the 
southern part of the range down against the limestone of the 
northern portion. 

The intrusion of the quartz monzonite bodies is believed to 
have resulted in the lateral displacement of the surrounding rocks. 
Such a displacement is shown in the central portion of the Star 
district. Similar displacements are possibly present in associa- 
tion with other stocks where they are not as clearly shown. 

In the Star district, especially, there has been movement along 
planes having a general horizontal position, but with irregularities 
resembling a warped surface. The rocks along the fault planes 
are highly polished and grooved, but it is not demonstrated that 
there has been extensive movement. 

Age of Faulting.—Faulting has probably been in progress in 
the area over a long period. Important faults had doubtless 
formed before the intrusion of the quartz monzonite and there 
has certainly been faulting since the intrusion. The faulting 
doubtless extended into late Tertiary time and may be still in 
progress. 


FISSURES, 


Fissures are important in the area, as they have furnished 
channels for the passage of the ore-bearing solutions. In the Star 
district most of the important fissures strike nearly east and west 
and are vertical or dip very steeply. In the other districts the 
fissures show less uniformity of direction. The fissures in the 
sedimentary rocks were probably formed for the most part at the 
time of the quartz monzonite intrusion and were caused by the 
stresses in the limestone resulting from the injection of the 
igneous material. To a slight extent, especially near the contact, 
there was fissuring after the earliest contact alteration of the lime- 
stone. These fissures may be attributed to the stresses caused by 
the shrinkage of the cooling mass. Probably similar causes have 
resulted in fissuring in the quartz monzonite. 
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METASOMATIC ALTERATION OF THE ROCKS BY HOT 
SOLUTIONS. 


CONDITIONS AND CHARACTER OF THE CHANGES. 


Changes that occur in rocks, principally as a result of the re- 
placement of a whole or part of the elements composing them 
by others and thus very greatly modifying their character, may 
take place under very different conditions, and they have done so 
in the San Francisco region. If the temperature is very high 
where the alteration is taking place the substances entering the 
rock will be in the form of gaseous rather than liquid solutions 
and the process is then known as pneumatolytic alteration. Such 
conditions are believed to have prevailed in this region when the 
contact zones were formed and doubtless in the earlier part of the 
alteration of the quartz monzonite. 

Where the temperature is lower the alteration is produced by 
heated watery solutions instead of gases arid is known as hydro- 
thermal alteration. This condition is present along fissures at 
some distance from the intrusive bodies. It is obvious that there 
can be no sharp line between these two types of alteration, for 
gaseous solutions may gradually merge into liquid solutions and 
the effects of the two will show a similar gradation. Moreover, 
it is to be expected that changing conditions will cause a super- 
position of one of these types of alteration upon the other. 

A third type of alteration is that produced by watery solutions 
at ordinary temperatures. This is the alteration that is every- 
where taking place at the surface and is commonly known as 
weathering. It is, of course, superimposed on all other types of 
alteration. As a general geologic process it is the most important 
type, and it is also of great importance in its effect upon ore bodies. 
The effect of weathering on the rocks of the San Francisco region 
has not been the subject of special study, but its effect on the 
ore is discussed in another place. 

The alteration of the different types of rock will be taken up 
separately below. 
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ALTERATION OF THE QUARTZ MONZONITE, 


In general the quartz monzonite has been little altered except 
along fissures and zones of fracture. Such zones are especially 
well shown in Copper Gulch in the San Francisco Range and in 
the O K zone in the Beaver Lake Mountains, though they are 
present at many other localities. 

In the most highly altered condition the quartz monzonite along 
these zones has been changed to essentially a quartz sericite rock 
with variable amounts of minor constituents. 

In passing outward from a highly altered zone the various 
stages of the alteration can be seen. The dark silicates are usu- 
ally first attacked and pass over to chlorite and carbonate and 
eventually are changed largely to sericite. The feldspars become 
more and more sericitized till they are composed largely of that 
mineral, and finally even the quartz crystals are broken up and 
filled with sericite. In the two zones most carefully examined the 
most marked difference in alteration is shown in the presence of 
rather abundant carbonate in the Copper Gulch zone and its 
absence in the O K zone. 

The table on page 425 shows the chemical composition of the 
fresh and altered rock in the two zones. 

For an accurate comparison of the chemical changes that have 
occurred in the alteration of the rock, it is necessary to recalcu- 
late the analyses so as to show the additions and subtractions that 
have taken place from a given volume of rock. No evidence was 
observed in the field to indicate that there had been a marked 
change in the volume of the rock due to alteration, and in the 
following calculations it is assumed that the volume remained 
constant. In the subjoined table is shown the weight of each of 
the principal oxides in grams in a cubic centimeter of the fresh 
and altered rock. 

This table shows that silica (SiO,) decreased, though the de- 
crease is not marked. Alumina (Al,O,) shows little change; in 
the Cactus deposit it has been slightly increased, in the O K 
deposit slightly decreased. These changes, however, are not 
greater than might be found in two samples from the same rock 
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ANALYSES OF FRESH AND ALTERED MONZONITE. 


I 2 3 4 1a 2a 34 4a 
62.10 | 64.41 | 58.64) 68.04 | 62.56 | 66.87 | 56.78| 69.55 
15.47 | 15.85 | 15.35| 17.20| 17.21 | 18.14 | 16.90] 16.43 
s 2.64 | 1.92] 3.25 -34| 2.29] 1.36] 6.87 46 
2.57 | 1.66| 3.84] 1.05| 1.13 68 03 62 
3-56 | 3.60] 3.60] 5.33 07 61 37 17 
72 | 1.09] 1.50| 1.23] 2.70] 4.05 | 2.23] 2.69 
Trace -72 | None | None | 1.93 | None 26 | None 
| 07 | Trace 06| .45 | None |Trace|...... 
| 99.89 | 99.79 |100.26 |100.34 | 99.61 | 99.75 |102.22 |100.00 


1. Fresh quartz monzonite from main tunnel, Cactus mine. George Steiger, 
analyst. 

2. Fresh quartz monzonite from vertical shaft, O K mine. R. C. Wells, 
analyst. 

3. Fresh monzonite from British tunnel, Last Chance mine, Bingham, Utah. 
E. T. Allen, analyst. Boutwell, J. M., Prof. Paper U. S. Geol. Survey No. 38, 
1905, p. 178. 

4. Fresh monzonite porphyry from Ryerson mine, Clifton-Morenci district, 
Arizona. W. F. Hillebrand, analyst. Lindgren, Waldemar, Prof. Paper U. S. 
Geol. Survey No. 43, 1905, p. 168. 

1a, Altered quartz monzonite 2 to 4 inches from tourmaline-pyrite-chalco- 
pyrite vein, second level, Cactus mine. R. C. Wells, analyst. 

2a. Altered quartz monzonite from south wall of stope, 200-foot level, O K 
mine, R. C. Wells, analyst. 

3a. Altered monzonite from British tunnel, Last Chance mine, Bingham, 
Utah. E. T. Allen, analyst. Boutwell, J. M., loc. cit. 

4a. Altered monzonite porphyry from Ryerson mine, Clifton-Morenci dis- 
trict, Arizona. W. F. Hillebrand, analyst. Lindgren, Waldemar, Joc cit. 
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WEIGHT OF THE PRINCIPAL OXIDES IN FRESH AND ALTERED MONZONITE. 
{Grams in 1 cubic centimeter.] 


| I | 2 1a | 2a 
-420 -418 -435 -4II 
.085 .066 .092 .024 
| -144 | .007 .002 
.003 .003 -003 .019 
O19 | .028 .068 .092 


Note.—The numbers at the heads of the columns correspond to those used 
in the preceding table. 


mass, and it seems likely that there has been little change in the 
content of alumina. In the alteration of the Cactus zone the 
oxides of iron have remained nearly constant, but in the O K 
zone there has been removal of iron. Magnesia (MgO) has been 
reduced in both zones and there is no doubt that the alteration 
has resulted in its removal. Both lime (CaO) and soda (Na,O) 
have been almost completely removed, but potash (K,O), especi- 
ally in the Cactus zone, shows a marked increase as does also 
combined water. Titanium oxide (TiO,.) remains nearly con- 
stant. In the Cactus zone there has been a marked addition of 
carbon dioxide (CO,) but this has not been added in the O K 
zone. Sulphur and copper have been added in both zones. The 
samples selected for analysis contained little sulphide and in this 
respect do not represent the average of the altered rock. 

The chemical change shown by the analyses is similar to that 
occurring in other districts where similar mineralization has taken 
place, as shown by the analyses of fresh and altered rock from 
the Clifton-Morenci and Bingham districts in the table. 

The following table shows the mineral changes that have taken 
place in the alteration of the rocks: 
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From the nature of the chemical and mineralogic changes that 
have taken place in the rock, it is possible to draw some inferences 


MINERAL COMPOSITION OF FRESH AND ALTERED MONZONITE, CALCULATED 
FROM CHEMICAL ANALYSES. 


I 2 1a 2a 
.67 +34 34 34 
Muscovite 1.59 42.98 35.02 


Note—tThe numbers at the heads of the columns correspond to those used 
in the two preceding tables. 
as to the composition of the solutions that produced them. Sub- 
stances that have been added to the rock by the action of these 
solutions were necessarily carried by them. It does not follow 
that because the solutions have removed certain elements these 
same elements were not contained in the solutions before they 
acted on the rocks, though it seems likely that they were not un- 
usually rich in these elements. From this it may be inferred that 
the solutions contained potassium, sulphur, and copper and in the 
Copper Gulch zone also iron and carbon dioxide. It is probable 
that the two latter constituents were present in the solutions that 
produced the alteration in other zones but not in sufficient quan- 
tity so that they were added to the rock. The fact that the solu- 
tions have not removed either silica or alumina might well indi- 
cate that they were not deficient in these substances. 

1Clinochlore, MgO: FeO:: 17: 14. 
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ALTERATION OF THE LAVAS. 


The lavas have suffered extensive alteration in several areas. 
It is especially pronounced in the lavas along the base of San 
Francisco Range near Frisco and in the lava mass forming the 
central portion of Beaver Lake Mountains, and also in the central 
portion of the lava mass in the southwestern portion of the San 
Francisco Range. 

The characteristic alteration of the lavas is a pronounced seri- 
citization and silicification. In the early stages the dark silicates 
alter to chlorite and carbonate, but in the advanced stage of altera- 
tion the magnesium has been largely removed together with 
calcium and sodium. In the central portion of the Beaver Lake 
Range the lavas have been especially highly altered. In the 
extreme phases of alteration the resultant rock is composed essen- 
tially of quartz, andalusite, and sericite. Where alteration has 
been less intense the proportion of andalusite decreases and that 
of sericite increases till the rock is essentially a quartz sericite 
rock and this in turn gives place to one containing varying pro- 
portions of the feldspars and other original constituents and 
finally to the slightly altered lava. It is worthy of note that 
andalusite does not appear in the rock as long as feldspar is 
present. Apparently as long as there was sufficient sodium or 
potassium present in the rock to combine with the alumina set 
free by the breaking down of the feldspars, mica formed, but 
when feldspar had entirely altered further removal of the bases 
resulted in the formation of andalusite. 

The tables on page 429 give a partial analysis of the lavas in 
different stages of alteration and the mineral composition calcu- 
lated from the analyses: 

Mineralogically this alteration, especially in its earlier stages, 
shows many similarities to that of the quartz monzonite. Chem- 
ically the alteration of the lavas far more closely resembles the 
results of weathering processes where the change is the result of 
a progressive leaching of the different elements with no notable 
additions. The mineralogical differences from those of a highly 
weathered rock are chiefly that in the weathered rock the minerals 
are hydrated while in the altered lava they are anhydrous. 
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ParRTIAL ANALYSES OF FRESH AND ALTERED LAVA FROM SAN FRANCISCO 


Recion, UTAH. 


pie None -10 | None -28 
Nas 4.81 58 | “55 3-54 
3.39 | 3-99 | -93 3.01 


1. Quartz latite near summit of Beaver Lake Mountains north of O K 


mine (specimen 187). 


R. 


C. Wells, analyst. 


2. Altered volcanic rock from ridge north of O K mine (specimen 189). 


George Steiger, analyst. 


3. Highly altered volcanic rock from ridge west of O K mine (specimen 


193). 


R. C. Wells, analyst. 
4. Latite northeast of Frisco (specimen 20). 


George Steiger, analyst. 


MINERAL COMPOSITION OF FRESH AND ALTERED LAVA FROM SAN FRANCISCO 


Recion, UTAH. 


| I | 


2 4 
Orthoclase molecule. ...... 20 owe ss 22 


ALTERATION OF SEDIMENTARY ROCKS, 


The alteration of the sedimentary rocks adjacent to the quartz 
monzonite bodies, commonly designated as contact alteration, 
shows great variation in different rocks and also marked differ- 
ences from point to point in similar rocks. Commonly quartzite 
and shales have undergone comparatively slight change while the 
limestone shows more extensive alteration. 
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There is great variation, however, in the alteration of the lime- 
stone. At many localities it may be largely a marmorization of 
the limestone with little change in composition while at other 
points the character and composition of the rock is greatly 
changed. These differences are especially well shown around the 
stock in the San Francisco Range. On the north side of the stock 
marmorization is the characteristic alteration while along the 
south side at some points marmorization is important while at 
others contact silicates make up the bulk of the rock. 

It is believed that these differences can best be explained by 
considering that marmorization was the earliest effect of the intru- 
sion, the recrystallization of the limestone being due largely to the 
effect of heat given off by the intrusive material. The silicate 
zones were produced slightly later when the outer portion at least 
of the stock had solidified and the solutions from deep seated 
sources were directed into certain parts of the limestone through 
fissures. 

The character of the silicate zones was influenced to an im- 
portant extent by the original composition of the limestone. 
Where it was notably magnesian diopside and tremolite are abun- 
dant while garnet is more characteristic of the calcium carbonate 
alteration. At some points, however, the original material has 
been very largely removed as is notably the case in the Rocky 
district where bodies of iron ore have resulted from the replace- 
ment of limestone. 

In large part the minerals of the contact zone are contempo- 
raneous, though there are veins cutting the contact silicates com- 
posed of quartz, sulphides, magnetite, and in some cases feldspar. 
Distinctly later than the contact silicates are veins composed 
largely of magnesite (MgCO,) and near the iron deposits in the 
Rocky Range are veins of the rare mineral thaumasite (3CaO 
*SiO,-SO,-CO.15H,O) that are distinctly later than the con- 
tact silicates. 

Away from the igneous contact silicates decrease and carbo- 
nates increase, though along fractures the silicates are present for 
considerable distance and show gradations into veins where the 
alteration of the wall rock is chiefly silicification. The width of 
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the silicate zone is very variable. South of the stock in the San 
Francisco Range it has a maximum width of fully one fourth 
mile from an exposed contact, while at other points it may be 
measured by a few yards. 

The minerals forming the zone as already noted vary greatly 
from place to place but include the following: Garnet (grossu- 
larite and andradite molecules are present in varying amounts), 
diopside, tremolite, vesuvianite, muscovite, epidote, chlorite, fluo- 
rite, quartz, calcite, specularite, magnetite, pyrite, chalcopyrite, 
molybdenite with sphalerite and galena rather rare. 

The following analyses are of specimens collected to represent 
changes that have taken place in the alteration. It is not possible 
to trace beds from the unaltered zone into the highly altered zone, 
but the analyses are believed to represent the chemical changes 
that have taken place in rocks originally of essentially the same 
composition. No. 1 and No. Ia are to be compared and No. 2 
and No. 2a. 


ANALYSES OF SLIGHTLY ALTERED AND HIGHLY ALTERED LIMESTONE FROM THE 
San Francisco District, UTAH. 


[George Steiger, analyst.] 


I 2 1a 2a 

100.18 100.31 100.44 100.39 
Specific gravity........... 2.72 2.84 3.56 3.30 


1. Banded crystalline limestone near Reciprocity mine (specimen 123). 
2. Gray dolomitic limestone east of Reciprocity mine (specimen 121). 
1a. Altered banded limestone near Reciprocity mine (specimen 119). 
2a. Massive garnet rock northeast of Reciprocity mine (specimen 124). 
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The following table shows the approximate mineral composi- 
tion of these rocks as calculated from the chemical analyses and 
microscopic study: 


MINERAL COMPOSITION OF SLIGHTLY ALTERED AND HIGHLY ALTERED LIMESTONE 


I 2 1a 2a 
Calcite molecule.......... 62.60 | 2.40 
Not calculated: 


In comparing the analyses of the limestones to determine the 
changes that have taken place in alteration it is necessary to con- 
sider changes in the volume and the density of the rock. It has 
not been shown positively whether the volume has increased or 
decreased as a result of alteration, but it is believed that the 
change has been slight if any and for the present comparison the 
volume will be considered as constant. The change in density, as 
shown by the specific gravity of the rocks, has been considerable. 
If the volume is assumed to have been constant, the amount of 
addition or subtraction of the several oxides can be determined 
by calculating the amount of each present in a given volume of 
rock. The following table shows the amount of each of the 
principal oxides present in a cubic centimeter of each of the 
rocks : 


cn FROM THE SAN Francisco District, UTAH. 
\ 
ES 
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WEIGHT OF THE PRINCIPAL OXIDES IN SLIGHTLY ALTERED AND HIGHLY ALTERED 
LIMESTONE FROM THE SAN Francisco District, UTAH. 


[Grams in 1 cubic centimeter of rock.] 


2a 


| | 
| -075 | -005 +163 -441 
Ga. 874 | 1.182 | 1.032 


In discussing the changes that have taken place in the altera- 
tion, it must be remembered that the examples given above by no 
means represent the changes that have occurred throughout the 
zone, as they vary at practically all points. Some of the more 
important changes indicated, hbwever, doubtless apply with vary- 
ing intensity to all parts of the zone and represent the general 
change that has taken place during alteration. 

It is evident that there has been a marked addition of silica 
in both rocks, the amount in the two highly altered rocks being 
almost identical. Alumina and ferric oxide also show a marked 
increase. These oxides show considerable variation in the amount 
added in the different rocks, but the sum of the two is more 
nearly equal. Ferrous oxide is not an important constituent in 
either the unaltered or altered rock. Magnesia shows a decrease, 
but this can not be taken as certainly representative of the zone 
since the original magnesia content is variable within very limited 
horizons. Calcium shows a slight decrease in both cases, carbon 
dioxide is practically absent from the altered rocks. Besides the 
oxides mentioned above there have been additions of copper, zinc, 
and lead, and probably small amounts of other metallic elements. 
Sulphur has been added and in some parts of the zone there have 
been notable additions of potassium as indicated by the presence 
of muscovite. To sum up, it seems very certain that there have 
been important additions of silica, alumina, ferrous oxide, sul- 
phur, copper, and zinc, and lesser amounts of potassium, manga- 
nese, and other metals. It is logical to assume that these sub- 
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stances were contained in the solutions entering the limestone 
supposedly given off from a crystallizing magma. 


Comparison of the Alteration of the Different Kinds of Rock. 


It has already been shown that the solutions that produced the 
alteration in the quartz monzonite probably contained silica, 
potassium, iron, sulphur, copper, and carbon dioxide, and pos- 
sibly alumina. The solutions that effected the alteration in the 
limestone contained silica, alumina, ferrous oxide, sulphur, copper, 
zinc, potassium, and other substances in minor amount. The 
character of the solutions seems in accord with the belief that 
they had a common origin, namely that they were given off by a 
crystallizing magma. 

The altered volcanic rock in the areas of extensive meta- 
morphism does not show important additions of substances, but 
rather a progressive leaching. This would seem to indicate that 
the solutions were different from those affecting the quartz mon- 
zonite and adjacent sedimentary rocks and suggests that it may 
have been due to ordinary atmospheric waters. Such waters 
heated by the intrusion of the quartz monzonite magma might be 
expected to produce a chemical alteration similar to weathering 
but differing mineralogically on account of different physical 
conditions. This seems in accord with the facts. 

(End of Part I.) 
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A DEPOSIT OF JAMESONITE NEAR ZIMAPAN, 
MEXICO. 


W. Linpcren AND W. L. WHITEHEAD. 
INTRODUCTION. 


The lead-antimony deposit of La Sirena, near Zimapan, is the 
property of the Cortez Associated Mines and was examined by 
the senior author in 1913. Its several unusual features, it was 
thought, merited a detailed account, although the absence of 
mining developments made definite conclusions as to structure 
difficult. On account of the disturbed condition of the country 
mining operations are likely to be deferred and this brief descrip- 
tion is therefore now presented, the directors of the company hav- 
ing kindly consented to its publication. 


SITUATION AND GENERAL GEOLOGY. 


The state of Hidalgo, the center of which lies about 80 miles 
north of the City of Mexico, covers a considerable part of the 
plateau of Mexico and its eastern escarpment. The old mining 
town of Zimapan, famous since the sixteenth century for the 
great lead-silver mine of Lomo del Toro, lies in the northwestern 
part of the state where the tuffs and lavas of the central plateau 
give place to the underlying Cretaceous limestone of the eastern 
margin. This limestone plateau is trenched by the deep and pre- 
cipitous canyons of watercourses on their way to form part of 
the Panuco which debouches at Tampico. 

The climate about Zimapan which has an elevation of 6,000 
feet is arid and equable, but a short distance east of Zimapan 
where rise the successive limestone ridges of the eastern margin 
of Sierra Madre Oriental, the mountains are heavily forested 
and .receive considerable moisture in the form of rain and fog 
from the Atlantic Ocean. 
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The heavy limestone beds lie horizontal or are thrown into 
gentle folds with sharp local contortions. At several places, for 
instance at Jacala, Encarnacion and San Nicolas, they are in- 
truded by smaller masses of quartz monzonite or diorite; and 
around these intrusives are developed a succession of contact 
metamorphic deposits, containing mainly chalcopyrite and mag- 
netite in garnet gangue. At some distance from the actual con- 
tact are lead-silver deposits in fissures or brecciated zones. 

At Zimapan where the limestone beds have been deeply dis- 
sected by the canyons of Moctezuma and its tributary Toliman 
several intrusive masses have been laid bare by erosion. About 
6 miles from Zimapan, in the canyon of the Toliman, many mines 
among which are the Lomo del Toro and the Balcones surround 
an intrusion of quartzose porphyry, and their deposits present a 
most complicated and interesting history of metallization follow- 
ing intrusion. 

At Los Rusios, in the depths of the Moctezuma canyon, where 
groups of palm trees indicate the descent into the torrid zone, 
is another small intrusion of granite with intense contact met- 
amorphism and a copper deposit. This is about 10 miles N.W. 
of Zimapan, in a straight line. About 2,000 feet above the 
stream and half way up the bare limestone slopes of the canyon 
lies the deposit named La Sirena; below it and above it frown 
almost vertical precipices; the only habitation near it is the 
“jacal” of David, an Indian of the mountains; his little patch of 
maguey plants perched on a small shelf overlooks the river and 
the barren mountains of Queretaro state across the chasm. In 
the distance is seen the old mining camp of El Doctor. 

The deposit lies on the rugged ridge which here separates the 
river from its tributary, the Toliman. The highest point of this 
ridge is near its end, at Lirios Mountain which attains an eleva- 
tion of 8,000 feet. From this point the descent to the river is 
extremely abrupt, comprising 4,350 feet in a horizontal distance 
of 1% miles. 

The entire slope from the summit of the Lirios to the river is 
occupied by horizontal or gently inclined strata of the great lime- 
stone series of eastern Mexico, exposing a thickness of at least 
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Fic. 110. General view of La Sirena cliffs between Punta David and Punta 
Partida (B). Outlines of deposit shown approximately by black line. 
Prominent vertical striation of cliffs is caused by descending water. Punta 
David is on left beyond edge of photograph. 


0 
TS 
| 


Fic. 111. Sampling operations near Punta Partida. Bluff to left con- 
sists of ore. Slopes across Moctezuma Canyon, in state of Queretaro, form 
background. 
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4,500 feet with neither top nor bottom in view. The upper part 
is shown in the tremendous cliffs marking the beginning of the 
descent from Lirios Mountain, and consists of massive, bluish 
gray limestone which rarely shows stratification. At the foot of 
these cliffs are some gentler slopes (see Fig. 110) leading down to 
the Sirena deposit, which lies at an elevation of 5,300 feet. 

The lower half of the limestone series from La Sirena to the 
river often shows plain stratification and contains narrow and 
long bands of black chert. In places the rock is decidedly shaly 
and impure but all the strata seen are highly calcareous. Perpen- 
dicular cliffs about 1,000 feet in height begin again at the eleva- 
tion of the deposit and extremely steep slopes continue to the 
river (see Fig. 110). 

The only fossil remains found in the entire series were dis- 
covered at the triangulation station “ Punta David” of the Cortez 
Company, but even these were too imperfect for identification. 

The igneous rocks are inconspicuous in this great limestone 
country. None outcrop in the surroundings of the deposit except 
a few narrow dikes of diorite porphyry or monzonite porphyry 
near some small lead deposits on the Lirios ridge about one mile 
from La Sirena. The intrusive mass at Los Rusios in the river 
bed has been mentioned above. The dikes within or along the 
Sirena deposit will be described later. 


GENERAL FEATURES OF THE DEPOSIT. 


The deposit outcrops along the upper part of an almost vertical 
precipice of limestone (see Fig. 110). Only a single place is ac- 
cessible without danger. A vertical section is therefore exposed ; 
but, except for the place mentioned, it can only be examined by 
lowering men with ropes or by walking along precarious sloping 
shelves. In this examination the manager of the Cortez Com- 
pany, Mr. Olof Wenstrém, who located this deposit, kindly offered 
all possible assistance and information and I owe several import- 
ant samples to the fearlessness of Mr. E. D. Barnett, assistant 
engineer of the same company. 

Just above the vertical cliffs the limestone is shaly and dips 
south into the hill at about 20°. Probably the heavy limestone 
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below has the same inclination. The deposit lies ina more massive 
limestone and can be traced from the first easily accessible point 
for 1,300 feet to the east, its upper limit rising a few hundred 
feet in that distance. The lower limit has not been reached in 
the western part; but the thickness for a distance of 900 feet 
exceeds 30 feet and some measurements of the company exceeded 
100 feet. 

The general form is then that of a tabular mass cut off by the 
cliff; this mass will probably be found to extend into the hill 
roughly following the dip of the limestone. 

In the eastern part below Punta David (a few hundred feet to 
the left of the left margin in Fig. 110) the thickness of the ore 
diminishes to a few feet and the deposit here lies along a dike 
from 3 to 5 feet in width. An examination at the easily access- 
ible point at the western end (afterwards referred to as “ Punta 
Partida” at A, fig. 110) reveals unmistakably the characters of a 
replacement deposit bordering against the limestone with irreg- 
ular but sharp contact. The limestone itself is not altered out- 
side of the deposit, nor can any of the ordinary contact meta- 
morphic silicates be observed in the ore by the naked eye. 

The ore consists at first glance mainly of heavy sulphides but 
close inspection reveals considerable fine-grained siliceous gangue 
and here and there some recrystallized calcite. Except at one 
place the ore is wholly fresh and unoxidized. The presence of a 
deposit of this magnitude, wholly undeveloped, though not far 
from Zimapan and doubtless long known to the inhabitants may 
occasion some surprise. The complex character and the low 
silver values account for this anomaly, the ore averaging only 
a few ounces in silver. 

The principal sulphide minerals are as follows: Pyrrhotite, py- 
rite, arsenopyrite, zincblende, and jamesonite; galena and chal- 
copyrite as minute grains were only observed exceptionally. 

The chief gangue minerals comprise the following species: 
Quartz, calcite, amphibole, apatite, danburite, albite, fluorite, and 
garnet. 

The unusual association points clearly to a high temperature 
deposit but many of the features of typical contact metamorphic 
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deposits are lacking and it is probable that the temperature at the 
genesis was somewhat lower than usual in the class mentioned. 
The ore varies somewhat in composition; pyrrhotite, pyrite, ar- 
senopyrite and jamesonite may predominate at different places. 
Manifestly the deposit is difficult to sample with accuracy but it 
is believed in a conservative estimate that the ore will average 
throughout at least 8 per cent. in lead and 4 per cent. in antimony. 
Almost pure jamesonite contained 3 ounces of silver per ton 
while average samples of ore gave from 0.5 to 2 ounces per ton. 
One sample containing much arsenopyrite yielded 16 ounces per 
ton, so that the silver does not seem to follow the jamesonite. 

In addition to the substances mentioned it was found that the 
average samples contained 0.01 ounce of gold per ton, very 
little copper and some selenium and tellurium.’| No recognizable 
selenium or tellurium minerals were found. 


THE DIKE BELOW PUNTA DAVID. 


About 75 feet below Punta David on the precipitous slope, a 
dike, about 5 feet wide, dips into the face of the cliff. It is a 
dark gray, jointed and partially iron stained porphyry. The spe- 
cimen shows a few soft phenocrysts about 2 mm. in length which 
effervesce with acid and are imbedded in a groundmass of fine 
dark gray material, which also contains abundant calcite. Dis- 
seminated through the rock are many small grains of pyrite and 
pyrrhotite. The calcite and the marked amount of pyrite and 
pyrrhotite present give indication, which a microscopic study 
confirms, of severe alteration of the rock. 

In thin section under low magnification the rock appears to 
consist principally of minute interlaced laths of labradorite feld- 
spar with interstitial calcite. There is much fibrous and needle 
shaped actinolite, derived from primary augite or hornblende. 
No more definite statement can be made than that the original 
rock was a basic dike rock with predominating soda-lime feldspar. 

Many of the numerous labradorite laths of the groundmass 
remain quite fresh. They are in a closely interwoven mass 


1 According to C. K. Reiman, of the Institute of Technology, less than 1 
per cent. Se, and less than 0.5 per cent. Te. 
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the individuals of which often show both albite and carlsbad 
twinning. The twinning is, of course, obliterated upon severe 
alteration of a feldspar crystal, particularly so in the phenocrysts. 
A few rectangular and but little altered crystals of orthoclase 
are also found in the groundmass. Biotite in numerous, minute 
flakes, and a small amount of apatite complete the enumeration 
of primary unaltered minerals. 

A large part of the minerals of the dike are altered. The 
phenocrysts of plagioclase are filled with small filaments of cal- 
cite which in places contain very minute shreds of hydrargillite. 
Muscovite laths with kernels of biotite suggest a replacement of 
the latter. A prominent feature is the many fibrous crystals of 
actinolite, which are in places intergrown with calcite and pyrite. 
Growing between all the minerals, both altered and fresh, are fine 
stringers of calcite and in places granules of pyrite and pyr- 
rhotite. 

The strong metamorphism of this dike rock cannot be explained 
by the action of surface waters at ordinary temperatures. The 
presence of large amounts of calcite with but little alteration of 
the feldspar suggests an introduction of considerable calcium car- 
bonate, while the pyrite exceeds any possible source of iron from 
magnesium-iron silicates. The sulphur of the pyrite is of 
course, exogenous. The change of pyroxene or hornblende to 
actinolite and the association of actinolite, pyrite and calcite in con- 
fused masses seemingly replacing feldspar is characteristic. From 
these facts it is concluded that’ iron sulphide, calcium carbonate 
and possibly other constituent elements have been introduced dur- 
ing the process of alteration. The coexistence of actinolite, un- 
altered biotite and pyrite indicates hydrothermal alteration at a 
higher temperature than that obtaining during sericitization of 
the rocks adjacent to the ordinary type of fissure veins. 


THE ORE BELOW PUNTA DAVID. 


The ore adjoining the dike below Punta David is only 2 feet 
wide and differs from that in the main part of the deposit in con- 
taining much pyrite, besides the usual arsenopyrite, galena and 


“4 


Fh 


DEPOSIT OF JAMESONITE NEAR ZIMAPAN, MEXICO. 443 


jamesonite. It has a streaked appearance caused by alternating 
bands of pyrite, quartz, jamesonite and other sulphides and 
coarsely crystalline calcite, the latter being beyond doubt re- 
crystallized limestone. Evidence of pressure is shown in the 
thin sections so that it is probable that the banded appearance is 
due to movement during the metallization. None of the other 
ores shows a banded structure. 

A. thin section of this ore shows as the oldest of the various 
minerals a band of coarse pyrite with interstitial residual calcite. 
The remainder is largely coarse calcite with twinning lamelle 
well developed and sometimes bent by pressure. This calcite is, 
however, to considerable extent replaced by medium grained 
quartz and this replacement is later than the pyrite. One irregu- 
lar band of this replacement quartz adjoins the pyrite and with 
it was deposited crystals of arsenopyrite which in part replace the 
pyrite. The quartz grains contain large fluid inclusions with 
bubbles which do not disappear on heating but which move slowly 
as the temperature increases. The quartz also contains many 
small grains and prisms of what is probably apatite. Coarse cal- 
cite again adjoins this replacement quartz and is filled with a 
network of minute needles of colorless amphibole with small ex- 
tinction and in places with needles of jamesonite. 

The succession seems to be (1) pyrite, (2) quartz, apatite, ar- 
senopyrite, (3) amphibole, (4) jamesonite,'(5) small veinlets of 
calcite. 

Polished sections of the ore from this point give under the 
microscope definite information as to relations of the sul- 
phide minerals. Pyrite predominates in association with the 
bands of calcite noted above. Distinctly replacing the pyrite 
along narrow fissures, and viewed under high magnification, often 
projecting in crystals into the pyrite, arsenopyrite may be seen. 
Pyrite is also replaced by zincblende (see Fig. 111) in cracks and 
fissures and by jamesonite associated with calcite. In places the 
pyrite has been completely replaced by a mixture of zincblende 
and jamesonite and remnants only of the pyrite remain isolated in 
the mass of the latter. The mixture of zincblende and jameson- 
ite resembles somewhat the eutectic structure and the two min- 
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erals seem very nearly contemporaneous in genesis. From re- 
lations elsewhere, however, the jamesonite is concluded to be 
generally slightly later than the sphalerite. As jamesonite is also 


Fic. 112. Pyrite (Py) from below Punta David replaced by zincblende (Zb). 
Reflected light. (X 80.) 


found to be later than arsenopyrite, the succession of sulphide 
minerals in this part of the deposit as interpreted by the metallo- 
graphic microscope is (1) pyrite, (2) arsenopyrite, (3) sphale- 
rite, (4) jamesonite associated with calcite. 


CENTRAL PART OF DEPOSIT. 


About 600 feet from the exposure below Punta David the 
deposit was again examined and found to contain a large amount 
of arsenopyrite and zincblende besides pyrrhotite and jamesonite. 
The ore consists of heavy and compact sulphides with only about 
20 per cent. of gangue which appeared to be mainly quartz. 
Within a thickness of at least 35 feet the deposit contains a dike a 
few feet in width, porphyritic and of dark gray color. 
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Although in the general direction of the dike just described this 
rock shows distinctly different characteristics. It is coarser 
in grain, has a lighter, grayer color and has much more abundant 
phenocrysts of dull luster. Quartz which was entirely absent in 
the dike below Punta David, is here found in individuals resem- 
bling phenocrysts and in granular aggregates up to 15 mm. in 
length and width. Pyrrhotite in small grains is present in large 
amounts and in spite of the absence of calcite which was found 
in the rock below Punta David, the rock has undoubtedly been 
subjected to alteration somewhat similar to that of the dike at 
the more easterly point. 

The dike would seem at first glance by the presence of quartz 
in relatively large amounts to be thrown into a class quite separate 
from the basic rock of Punta, David. When examined carefully, 
however, the quartz grains are seen to have empty inclusion cavi- 
ties at the edges while in the center the cavities are filled. This 
fact would seem to indicate that these grains have been subjected 
to a high temperature subsequently to their crystallization. The 
grains are also surrounded by reaction rims of pyrrhotite and 
amphibole, are often replaced along cracks by sericite and are 
undoubtedly prior to the alteration of the rock. The quartz 
grains are therefore interpreted as foreign inclusions, taken up 
by the magma of the dike. 

Under the microscope the rock is seen to consist largely of 
alteration products. The phenocrysts of feldspar are converted 
entirely to sericite and preserve merely a remnant, due to orienta- 
tion of the sericite fibers, of their original characteristic twinning. 
The alteration of these phenocrysts is much more intense than 
that of similar feldspars in the rock below Punta David. The 
ground mass consists of a microgranular, interlocking aggregate 
of orthoclase penetrated in all directions by needle-like prisms 
of amphibole. Biotite in small laths is present to a slight extent 
and is often replaced about the edges by muscovite. Muscovite 
is abundant and is probably derived from original biotite. Small 
grains of siderite are also plentiful as are also stout prisms and 
grains of apatite. There is much pyrrhotite, and quartz, ortho- 
clase, amphibole and some fluorite are intergrown with this sul- 
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phide mineral. As in the first dike rock, however, the most 
prominent feature of the alteration is the development of amphi- 
bole. In this rock the amphibole is paragasite, an aluminous 
variety. It is pale green and occurs in very abundant prismatic 
sections and at times may be observed in the characteristic rhom- 
bic cross sections. 


THE METAMORPHOSED LIMESTONE ALONG THE DIKE, 


Immediately adjoining the dike is some fine grained limestone 
and this is distinctly metamorphosed. Along with this altered 
limestone were collected small granular masses and columnar ag- 


Fic. 113. Prismatic crystals of danburite (D) replaced along contacts and 
within the crystals by jamesonite (J). Polarized light—crossed nicols. 
(X 16.) 


gregates of a white, glassy mineral intersected by long needles of 
jamesonite. 

The appearance of the crystals is somewhat similar to that of 
wollastonite. The mineral was identified by Professor C. H. 
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Warren as danburite (CaB.Si,O,).1_/ When examined micro- 
scopically it shows a very low birefringence, less than that of 
quartz, an index of refraction for B and y in white light of 1.634 
and 1.636 respectively, and gives a strong reaction for boron. 

In thin section the danburite aggregates appear as parallel 
prisms with minute remnants of residual calcite in the center 
of some prisms. Cutting across the crystals of danburite and 
often: projecting from one into another are needles of jame- 
sonite (see Fig. 113). The danburite here replaces limestone and 
is in turn replaced by jamesonite. 


Fic. 114. Skeleton garnet crystals (G) in the calcite (C) of the metamor- 
phosed limestone. Polarized light—nicols not crossed. (X 150.) 


The massive greenish limestone adjoining the dike consists 
mainly of calcite in irregular but roughly equidimensional grains, 
averaging 0.08 mm. in diameter. Minute, skeletal, greenish 
hexagons of isotropic and high refracting garnet appear in places 

1 Dana, E. S., “System of Mineralogy,” p. 490. The identification proved 


a little difficult, for this mineral is not easily fusible and does not color the 
blowpipe flame as stated in Dana’s “ Mineralogy.” 
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between and cutting across calcite grains. Under high magnifi- 
cation a large amount of garnet and some minute, rectangular 
crystals of a mineral with low double refraction are seen. 

Most of the garnet is found between and around the calcite 
grains and spreads in very small veinlets and stringers through 
the rock. A more interesting form of the garnet, however, is 
the skeletal crystals of greenish garnet surrounding a nucleus of 
calcite. The shape of these small skeletons is roughly hexagonal 
and they form a ring about 0.02 mm. thick and perhaps five times 
that distance across (see Fig. 114). They are homogeneous, not 
crushed or deformed and in places cut directly across calcite 
grains. Under low powers of magnification, when the fine 
stringers of garnet and danburite are invisible, these skeleton 
crystals dot the limestone in noticeable amount. 

Micrometer measurements of a slide of garnetized limestone 
showed approximately 27.8 per cent. of garnet to be present. 
The variety of garnet corresponding closest to the index of re- 
fraction (1.758 + .002) is grossularite (Ca,Al,Si,;0,.),1 which 
contains 22.7 per cent. of alumina.? This would give the amount 
of 6.34 per cent. of Al,O, at present in the limestone. On the 
assumption of no additions from the outside the reduction of vol- 
ume of the aluminous material and calcite involved in the reac- 
tion of recrystallization would be 46 per cent.,’ and therefore the 
amount of alumina present in the original rock would have been 
5.4 per cent. 

Associated with the garnet which occurs mainly in between the 
calcite grains are minute grains and imperfect prisms of low 
birefringence some of which show simple twinning in a line paral- 
lel to the elongation; occasionally thin lamelle are noted. 

The rock was treated with HCl to dissolve the calcite and the 
residue reduced to pass a 260 mesh screen. In this residue much 
garnet was found and a number of grains of high refraction, 
determined as B= 1.634, y = 1.636. The powder gives reaction 

1 Dana, E. S., “ System of Mineralogy,” p. 439. Johannsen, A., “ Determi- 
nation of Rock Minerals,” p. 135. 


2 Dana, E. S., “System of Mineralogy,” p. 439. 
1 Barrell, Joseph, American Journal of Science, Vol. 13, 1902, p. 288. 
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for boron and this mineral is therefore undoubtedly danburite. 
Other grains with twinning were observed which had a refrac- 
tion of B= 1.535, y = 1.540, and this mineral is thus albite. The 
albite is in such small amounts as not to affect materially the 
above estimate of alumina. The secondary constituents of this 
metamorphosed limestone are thus grossularite, albite, danburite, 
pyrite and pyrrhotite. The pyrite replaces the calcite in small 
grains and a few little seams of pyrrhotite traverse the rock. 

Some substances have been introduced during the metamorphism 
of this rock. The constituents certainly introduced are boron and 
sulphur. Those possibly introduced are silica, alumina, iron and 
soda. Regarding the latter two no definite conclusions are pos- 
sible, though it is of great interest to note that albite is present 
in abundance in other parts of the deposit. Regarding silica, the 
present rock contains, neglecting the small amounts of danburite 
and albite, approximately 10 per cent. or 40 per cent. of 25 per 
cent. garnet. It is not impossible that this amount may have been 
contained in the limestone, though the remaining original rock 
in the slide appears very pure. 

The alumina might also all be assumed to have been present in 
the original limestone and in this case the garnet would be con- 
sidered as a recrystallization product without introduction of 
material. Several objections, however, are presented to such an 
assumption. 

1. The great reduction of volume’ with no introduction of ma- 
terial in recrystallization would be 46 per cent. of the elements in- 
volved or 17.9 per cent. of the whole rock. Such a reduction in 
volume would prevent homogeneous skeletal forms of garnet 
such as are found. Crushing? would undoubtedly take place both 
in the fragile skeletons of garnet and in the calcite grains. The 
outlines of the fine thread-like rings of garnet are not broken, 
however, and no twinning or other evidence of crushing is found 
in the calcite. 

2. Recrystallization of original constituents could form such 

1 Barrell, Joseph, American Jour. Sci., Vol. 13, 1902, pp. 285-288. 


2Leith, C. K., Econ. GEoi., 5, 1910, pp. 188-192; see also Uglow, W. L., 
Econ. GEoL., 8, 1913, p. 222. 
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skeletal garnets, cutting across integral grains of calcite only on 
the assumption that the alumina were in solution and replaced the 
calcite. The alumina and silica in unaltered limestones are 
largely interstitial with respect to calcite grains. 

3. The comparatively pure limestone above the metamorphosed 
rock seems incapable of supplying the 5.4 per cent. of alumina 
required for garnetization. No analysis was made of this unal- 
tered limestone; but its appearance would not indicate a high con- 
tent of alumina. 

4. It would be expected that recrystallization of original 
alumina and silica in the limestone in the beginning of metamor- 
phism, as is here undoubtedly the case, would proceed between 
the calcite grains. Mixed intimately with the garnet in the in- 
terstices of calcite, however, is danburite. It was introducted 
into the limestone by solutions to which it therefore seems en- 
tirely reasonable to assign a role in the formation of garnet. 

The above objections to recrystallization of original alumina 
and silica of the limestone without introduction of material fur- 
ther seem to indicate by the form of the garnet the replacement 
of calcite by an equal volume’ of garnet and by the presence of 
danburite with garnet the strong possibility of the introduction 
of alumina and silica accompanying boron-carrying solutions 
which emanated from some magma. 


THE MAIN ORE BODY BELOW PUNTA PARTIDA. 


The main body of ore sampled below Punta Partida and 
places adjacent towards the east is a massive heavy aggregate in 
which the sulphide minerals predominate and the gangue is at 
first glance inconspicuous. Between large aggregates of dark 
gray, fibrous jamsonite, small crystals of arsenopyrite and 
masses of pyrrhotite is, however, more or less of a siliceous, fine- 
grained gangue of yellowish gray color which is often traversed 
by veinlets of jamesonite. This siliceous gangue makes up from 
10 to 50 per cent. of the mass. 

Under the microscope this gangue resolves itself into an aggre- 


1 Lindgren, W., Econ. GEoL., 7, 1912, p. 521. 
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gate of quartz and polysynthetically twinned albite with some 
fluorite as the latest gangue mineral. The texture is granular but 
the individuals vary greatly in size in the same section. Some 
of the gangue is coarse, and other parts require high magnifi- 
cation to resolve. This is characteristic of many replacement 
deposits. The quartz grains rarely show crystal form and ad- 
join each other without much interlocking. The albite on the 
other hand either appears in well-developed prisms embedded 
in quartz or where present in larger quantities, may form micro- 


Fic. 115. Jamesonite (J) replacing the coarse and fine aggregate of albite 
(F) which with quartz composes the gangue of the main ore deposit. Polar- 
ized light—crossed nicols. (X 38.) 


granular and intricately interlocking aggregates. The albite 
nearly always shows polysynthetic twinning but rarely carlsbad 
twinning. Where it forms coarser aggregates the lamelle are 
often irregular, non-persistent or curved. Fig. 115 illustrates the 
characteristic albite aggregate, slightly magnified. The index of 
refraction of the albite as measured was 1.540. 

Minute thick prisms of apatite occur in the quartz and feldspar, 
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and fluorite occurs rather abundantly in drusy cavities and inter- 
stices between the other minerals. It also seems io accompany 
jamesonite and is evidently the latest gangue mineral. Small 
masses of residual calcite which has recrystallized into larger 
twinned individuals are included in the gangue, and associated 
with this are wavy fibers of a mineral with parallel extinction 
which seems to be a mica, possibly paragonite. 


Fic, 116. Part of a crystal of arsenopyrite (As) replaced at the edges and in 
the center by zincblende (Zb). Reflected light. (X 1,100.) 


The association of quartz and albite might suggest an aplite 
dike. The evidence of replacement of the limestone is so strong, 
however, that we are confident that such an interpretation would 
be entirely incorrect. 

The opaque minerals of the ore when studied in a polished 
section in reflected light are seen to consist of the jamesonite 
and arsenopyrite distinguishable in the hand specimen and small 
amounts of zincblende and pyrrhotite. The arsenopyrite dis- 
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Fic. 117. Jamesonite (J) replacing twinned residual calcite (C) of the lime- 
stone included in the ore body. Polarized light—crossed nicols. (X 38.) 


Fic. 118. Fingering veinlets of jamesonite (J) replacing the gangue of feld- 
spar and quartz (G) in the main ore body. Reflected light. (X 30.) 


Wee? 


454 W. LINDGREN AND W. L. WHIITEHEAD. 


tinctly replaces the gangue in crystalline aggregates which are 
often cut across by later veinlets composed of pyrrhotite, zinc- 
blende and jamesonite. The gangue surrounding crystals of 
arsenopyrite is often replaced by later sulphides which sometimes 
also corrode the edges of the arsenopyrites. Under high mag- 
nification the centres of some of these crystals are seen to be 
also replaced by the sulphide (see Fig. 116). The veinlets of later 
sulphides run through the gangue and arsenopyrite in fine string- 


Fic. 119. An incipient stage of replacement of gangue (G) by jamesonite 
(X 1,100.) 


ers varying in size from the limit of microscopic visibility to 2-3 
mm. in width. They are.almost entirely of jamesonite which re- 
places crystals of residual calcite in a fine network of needles (see 
Fig. 117) and quartz and feldspar in irregularly fingering masses 
(see Figs. 118 and 119). In many places near the end of a 
veinlet the sulphide changes from jamesonite to zincblende which 
in turn gives place at the extreme end to pyrrhotite (see Fig. 120). 
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It appears from this structure that the pyrrhotite and zincblende 
while of the same period of metallization as the jamesonite are 
slightly earlier. 


Fic. 120. A pyrrhotite veinlet (Pyr) replacing gangue of feldspar and quartz 
(F and Q). Reflected light. (Xx 246.) 


The succession of minerals in the deposit at this point is (1) 
albite and quartz, (2) apatite, (3) fluorite, (4) pyrrhotite, (5) 
zincblende, (6) jamesonite. 


FLUID INCLUSIONS. 

Fluid inclusions are common in the altered rocks and a careful 
examination was made of them in the hope that they would re- 
veal something in relation to the genesis of the deposit. 

The albite contains abundant fluid inclusions but they are of 
very irregular form, often extended parallel to the cleavage and 
many of the cavities are drained of the liquid. In the recrystal- 
lized calcite no fluid inclusions were observed. 

The quartz accompanying the ore and replacing the limestone 
at the eastern end of the deposit contains many small fluid inclu- 
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sions with bubbles which move but do not disappear upon heat- 
ing to about 75° C. 

The granular quartz from the western and larger part of the 
deposit is intergrown with albite. These quartz grains contain 
many fluid inclusions of rather large size, and of regular rounded 
form. As usual the ratio of bubble to fluid is not constant and 
many inclusions appear to have been drained of their contents. 
Particularly is this true where oxidizing influences have been at 
work. The maximum diameter of the inclusions is about 0.01 
mm. The most interesting feature is the constant occurrence of 
a particle of colorless salt, suspended in the fluid. In many in- 
stances this salt forms a sharp and well-defined cube. There are 
no other solid bodies in the inclusions. 

This is evidently a soluble salt which has separated out during 
the cooling process and we consider it probable that the substance 
is sodium chloride; the occurrence of albite in the same rock lends 
additional probability to this. Such inclusions with salt cubes 
have been observed in the quartz crystals of some granite porphy- 
ries,’ and the natural conclusion has been that water rich in dis- 
solved salt was present in the magma when the quartz phenocrysts 
were formed. 

Thus far such inclusions have in few instances been observed 
in vein quartz or replacement quartz. Inclusions with salt cubes 
and opaque particles were observed in vein quartz from Metcalf 
near Morenci, Arizona,” but in this case the quartz was probably 
of direct magmatic rather than hydrothermal character, and did 
not occur in a mineral deposit. 

In the regular vein quartz at Morenci particles of salts but no 
cubes were observed. 

It is possible to arrive at an approximation of the temperature 
of genesis by a consideration of the solubility of sodium chloride. 

Solubility determinations have been made for sodium chloride 
to 180° C. A consideration of the facts that no solid hydrates 
of this salt are known and that the solubility curve of the salt 
must pass through the melting point of pure NaCl (772° C.), 


1 Lindgren, W., U. S. Geol. Surv., Prof. Paper 43, 1905, p. 215. 
2 Loc. cit., p. 217. 
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shows the possibility of extrapolation of approximate solubilities 
at high temperatures. The average values of proportion of 
weight between solid and saturated solution at 20° as determined 
by calculations from micrometer measurements of inclusions is 
37 per cent. salt and 63 per cent. solution. 37 parts of salt dis- 
solved in 63 parts of saturated solution of NaCl at 20° would 
give a solution containing 57.5 per cent. NaCl. From this cal- 
culation it is evident that the solutions depositing the quartz 
contained when in unsaturated condition about 57.5 per cent. 
NaCl. As values obtained from the extrapolated solubility curve 
indicate that a saturated solution of 58 per cent. NaCl can exist 
only at a temperature of 500°-525° C., it seems that the solu- 
tions depositing quartz were probably at a temperature somewhat 
above 500° C. The errors entering into such a calculation due to 
extrapolation and the measurement of minute cavities may be con- 
siderable; but when it is considered that high pressures would 
somewhat decrease solubility and that the solutions may not have 
been saturated with respect to NaCl, it may be concluded that 
the approximate minimum temperature of genesis was 500° C. 

The danburite was likewise found to contain abundant and 
regular fluid inclusion some of which contained moving bubbles. 
Many of the inclusions were drained of their fluid. 

The form is rounded or elongated cylindrical. The bubble 
varies in size relatively to the fluid. No cubes were observed but 
in most cases the fluid contained a crystal or a particle of salt, 
some of which showed a rhombic outline. In one case this salt 
crystal showed birefringence. What this salt is remains entirely 
uncertain. It is suggestive, however, that colemanite (Ca,B,O,,- 
5H,O) is monoclinic, crystallizing in rhombic shape. Small 
opaque particles were observed in the fluid in many instances. 

It is thus conclusively shown that the solutions which were 
present when this deposit was formed contained large quantities 
of soluble salts and had a high temperature. If, as seems prob- 
able, the cubes are sodium chloride the temperature was certainly 
above 180° and probably between 500° C. and 575° C. 

The solutions varied in character during the deposition, those 
depositing danburite apparently carried no sodium chloride. 
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SUMMARY, 

The deposit of La Sirena is formed by replacement of lime- 
stone. It occurs not more than 2,500 feet below the Cretaceous 
plateau of Sierra Madre Oriental. Though the depth of erosion 
of the peneplain of the plateau and the correlation of age of the 
deposit with this plain cannot definitely be determined, the ore 
body probably has not been formed at a depth greater than a few 
thousand feet below the surface. It is of large dimensions and 
constitutes a mass at least 1,000 feet long and from a few feet to 
probably over 100 feet in thickness. Its outlines cannot be ascer- 
tained from present developments, but it probably forms a flat 
body with a dip similar to that of the surrounding limestone, 
whose structure is not disturbed at the contacts of the deposit. 
The bulk of the deposit is formed by a heavy sulphide ore with up 
to 50 per cent. of gangue. This gangue consists of albite feld- 
spar and quartz with some fluorite, apatite and some residual and 
recrystallized calcite, the albite being the oldest and fluorite the 
youngest of the constituents. The metallic ore minerals all of 
which are probably later than the gangue minerals are, in the 
order of their formation, arsenopyrite, pyrrhotite, zincblende and 
jamesonite (2PbS.Sb.S;). At the eastern end of the deposit 
where it is of much smaller dimensions two exposures of a basic 
dike appear, which has been extensively altered. 

Near this dike the limestone is somewhat metamorphosed and 
the products of recrystallization include calcite, quartz, grossular- 
ite, albite, danburite, fluorite and actinolite. Of the metallic min- 
erals in this narrow part of the deposit below Punta David pyrite 
predominates and is older than any of the other gangue or 
ore minerals. The other sulphides consist of arsenopyrite, 
zincblende, pyrrhotite and jamesonite. All of the gangue 
minerals, with the exception of an amphibole which was found de- 
posited in calcite and quartz just before the jamesonite, are here 
also older than the ore minerals. On the whole the ore forma- 
tion began by silicification and the development of albite, dan- 
burite and fluorite under the influence of boron and fluorine min- 
eralizers. Then followed the introduction of iron, sulphur and 
arsenic and the formation of arsenopyrite and pyrrhotite. Finally 
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came zinc, lead, antimony and sulphur to form zincblende and 
jamesonite. 

The dike at the two places where samples could be taken was 
altered by the introduction of calcite, siderite, pyrrhotite and py- 
rite; actinolite and pargasite were developed from primary ferro- 
magnesian silicates. The dike specimens also contain some seri- 
cite, hydrargillite, and chlorite but no ore minerals except the two 
mentioned were found in the dike. 

The development of the replacement in the limestone thus in- 
volves the addition of much silica, boron, fluorine, soda, alumina, 
iron, arsenic, zinc, sulphur, antimony and lead. 


PROBABLE TEMPERATURE DURING GENESIS. 


Though a definite succession of minerals can be traced in the 
deposit there is no evidence of any great time interval between 
the beginning and the end of the mineralization; the events prob- 
ably followed each other rapidly, but the temperature seems to 
have been somewhat lower towards the end of the process. The 
quartz, being a persistent mineral, is no definite indicator of tem- 
perature, except that it was probably formed above 100° C. and 
below 575° C. It does not resemble pegmatitic quartz but is sim- 
ilar to that of ordinary replacement deposits. . Nor does the albite 
give definite information as to the temperature; in hydrothermal 
deposits albite does not usually appear near the surface but it is 
rather common in those formed under intermediate conditions. 
It is not abundant in high temperature deposits. The fluorite is 
a persistent mineral and is formed under almost all kinds of con- 
ditions. Danburite, a calcium borosilicate, is as far as we know, 
a high temperature mineral, occurring only in contact metamor- 
phosed limestones. Garnet is likewise an indicator of somewhat 
elevated temperatures. The best evidence is afforded by the ac- 
tinolite which is practically contemporaneous with the jamesonite. 
Amphibole has been obtained synthetically at a temperature as 
low as 375° C. and Doelter believes that the temperature above 
which pyroxene rather than amphibole forms is somewhere about 
550°C. The alteration of the dike rock likewise offers some evi- 
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dence, for sericite does not predominate and in spite of great 
recrystallization some primary biotite still persists in the rock. 
Pyrrhotite and actinolite have here crystallized together. 

Among the ore minerals pyrrhotite is the only one clearly indic- 
ative of high temperature, for this mineral only begins to appear 
in the lower vein zone and ranges from here into the high tem- 
perature veins and the contact metamorphic deposits.’ Jameson- 
ite has hitherto been found rather in the middle and upper vein 
zones than in the high temperature deposits and its needle-like 
crystals often occupy druses in veins suggesting the possibility 
of crystallization at rather low temperature as a secondary 
mineral. Its occurrence here in a distinctly high temperature 
deposit is therefore of special interest. 

The temperature of genesis as determined approximately by 
extrapolation of the solubility curve of sodium chloride is a little 
above 500°. Though some uncertainty is always attached to such 
reasoning, yet, taken in connection with the temperature ranges 
of the other minerals present there is strong ground for believing 
that the deposit was formed between 400° and 550° C. 


COMPARISON WITH CONTACT METAMORPHIC DEPOSITS. 


The presence of garnet, danburite and amphibole, and the 
occurrence of part of the deposit adjoining a dike suggests con- 
tact metamorphism. 

The replacement of the limestone progresses also in a manner 
entirely similar to that of contact metamorphism. 

The body of igneous rock is however very small, the com- 
paratively feeble garnetization does not compare with that of 
ordinary contact deposits, and the typical iron silicates are absent. 
The great body of the replacement consists of sulphides and 
quartz with albite, and along the dike where the structure is 
simpler clear evidence is found of a shear zone which the miner- 
alization follows. 


1 Pyrrhotite has been obtained at lower temperatures by synthesis, but as 
far as field experience goes it is a high temperature mineral. 
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The distinct periods of mineralization, in which development 
of sulphides and sulphantimonides was preceded by the formation 
of iron free silicates and quartz, indicates also a deviation from 
the typical contact metamorphism in limestones. 

It is believed that the earlier period of deposition characterized 
by danburite, garnet, albite and quartz was caused by solutions of 
igneous origin and of a composition analogous to that of pegma- 
titic solutions. These solutions probably reached the location of 
deposition along the sheared zone of the dike. Along this same 
channel the later metal bearing solutions of magmatic origin 
appear to have ascended and deposited pyrrhotite in the still hot 
dike and the other sulphides in the cooler replacement mass and 
limestone. 

No large body of igneous ro¢k outcrops near this deposit. The 
rocks below, in the vertical cliffs, are in full view from the salient 
point at which the general photograph of the deposit was taken 
and it is certain that most of the rock is limestone. The pres- 
ence of an igneous body of which the dike at the deposit is an 
apophysis and from which the mineralizing solutions were derived 
is, however, to be inferred. 

We believe that the evidence points strongly to replacement by 
equal volumes. If the gangue minerals of the deposit simply rep- 
resent the recrystallization of the residual silica and alumina in 
the limestone an enormous reduction of volume must have taken 
place. There is no structural evidence in the form of disturb- 
ance of the limestone which would point in this direction. And 
as the dike was certainly congealed when the deposit was formed 
it is not at all likely that a reduction of volume of the limestone 
could have been taken up by an advancing, still fluid magma. 
The sodium of the albite as well as the constituents of the metal- 
lic minerals must most certainly have been introduced from 
without. 

We, therefore, believe that a vast amount of calcium carbonate 
has been carried away but that volume for volume this calcite has 
been replaced metasomatically by minerals deposited from solu- 
tions carrying silica, alumina, sodium, boron, fluorine, phos- 
phorus, arsenic, sulphur, iron, zinc, lead and antimony. 
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The ore body is analogous to the high temperature veins which 
have received their mineralization from underlying bodies of in- 
trusive rock and it should, therefore, be classed as a high tempera- 
ture replacement. It thus in our opinion presents a most impor- 
tant link between contact metamorphic and hydrothermal replace- 
ment deposits. 
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PARAGENESIS OF THE ORE MINERALS IN THE 
BUTTE DISTRICT, MONTANA. 


James C. Ray. 
INTRODUCTION. 


The data presented in this paper are the result of study, with 
the reflecting microscope, of the material recently collected by 
the writer in the Butte District. 

I am deeply indebted to the managers and geologists of the 
different mines visited, who extended to me much valuable assist- 
ance in facilitating the work of collecting. I take this oppor- 
tunity to thank the following gentlemen: Mr. Reno Sales and his 
staff of geologists with the Anaconda Copper Mining Co., 
Messrs. Linforth, Billingsley, Grimes, Gidel and Thompson; 
Messrs. N. H. Emmons and E. A. Hewitt, of the North Butte 
Copper Mining Co.; and Mr. Case, superintendent of the Elm 
Orlu mine belonging to the Clark properties. 1 also acknowledge 
my indebtedness to Prof. C. F. Tolman and Prof. A. F. Rogers 
for much kindly criticism during the preparation of this paper. 

A suite of some five hundred specimens was collected by the 
writer from the following mines: Tramway, Badger State. 
Moose, Speculator, Berkeley, Silver Bow, Elm Orlu, Gagnon, 
Mountain View, Leonard, Belle of Butte, Fraction Lease (Clark 
Fraction). The study of the above specimens was supple- 
mented by the following collections: The A. P. Thompson col- 
lection from the following mines: Leonard, Pilot-Butte, Bad- 
ger, Elm Orlu, East Colusa, West Colusa, Alec Scott, Silver Bow, 
Pennsylvania, Berkeley, Mountain View, Speculator, West Gray 
Rock, Tropic. Specimens from the Cora mine were donated by 
D. M. Meikeljohn. Covellite specimens were donated by R. H. 
Sales from the Tramway, High Ore and Speculator mines. 


1The microscopic work for this paper was done in the laboratory of eco- 
nomic geology, Leland Stanford Jr. University. 
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In selecting specimens for study, material was taken from solid 
ore rather than from vugs. Mineralogically there is compara- 
tively little deposition in open spaces in the Butte veins, the 
minerals occurring as replacements of earlier species. Often the 
vugs show reversals in the succession of mineral deposition which 
may be due to local changes, and impounding of the solutions in 
the vugs. 


I. THE COVELLITE ZONE. 


The “ covellite zone” as used by the writer refers to that part of 
the district in which massive covellite has been found, and is 
roughly indicated by the positions of the Speculator on the north- 
west, the High Ore on the southwest and thence east-southeast 
to include the Leonard and Tramway mines. Covellite is found 
outside of this area but in such small quantities as to be unim- 
portant commercially. 

The occurrence of covellite at Butte, Mont., has been variously 
dsecribed as a replacement of chalcocite’ and as a primary min- 
eral.2 Weed says: 


“Tt (covellite) occurs as a secondary ore, either derived from chalco- 
cite or deposited under exceptional conditions in the crushed and clayey 
matter in fault veins.” 


Sales says: 


“Tn the Butte veins covellite is believed to be largely of primary origin, 
if not entirely so. Its occurrence bears no relation to the surface or 
to the zone of alteration, and the intimate association with enargite, 
bornite and pyrite lends strong support to the primary view.” 


As stated by Sales,’ covellite at Butte occurs principally in 
the Gray Rock, Edith May, Leonard and Skyrme veins. 

The greater part of the material bearing on the occurrence of 
covellite was collected from an unusual exposure on the 1,600 ft. 
level of the Leonard Mine in the South Leonard vein 700 ft. west 

1 Weed, W. H., U. S. G. S., Prof. Paper 74, p. 76. 

2Sales, Reno H., “Ore Deposits of Butte, Mont.,” T. A. I. M. E., 1913, 


P. 1573. 
3 Loc. cit., p. 1573. 
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of the No. 2 shaft. On this level a cave in of the roof exposed 
many tons of rich covellite ore which previously had been tim- 
bered up (January, 1914). 

At this point a cross section of the vein is from 6 to Io feet 
wide. The quartz-monzonite of the foot and hanging walls is 
highly silicified and pyritized, as is the case with all the copper- 
bearing veins in the district, and the joint planes have been filled 
with pyrite. Close to the vein the pyrite and to a less extent the 
silicates, have been replaced by enargite, covellite and chalcocite. 
Innumerable veinlets traverse the country rock near the vein, dis- 
placing each other and the joint planes. These veinlets contain 
also pyrite, enargite, covellite and chalcocite. Quartz occurs 
along the upper part of the hanging wall, as here exposed; inside 
of the quartz is an irregular, zone of enargite, and between the 
enargite and a horse, irregular fragments of quartz and enargite 
ore are cemented and appear to be partly replaced by massive, 
platy covellite and a covellite-chalcocite mixture. In the lower 
part of the section the quartz and enargite ore is represented only 
by broken fragments which are cemented with a matrix of covel- 
lite-chalcocite. It is evident that there has been considerable 
movement in the vein since the beginning of mineralization. 
There has been also a change in the species of copper minerals 
deposited from the solutions. Microscopic study gives a clear 
history of these changes, both physical and chemical. 

The inferences drawn from the field evidences are as follows: 

1. There was an early period of quartz-pyrite mineralization. 
(At nearly every point at which the veins were studied, on one 
wall or the other, and at many places on both walls, there was a 
tight unaltered band of quartz or quartz and pyrite. At some 
places the transition from barren or pyritized quartz to the later 
enargite mineralization was very sharp; at other places the 
enargite bearing solutions seemed to have eaten into the earlier 
quartz and replaced it.) 

2. The early quartz pyrite filling has been fractured and at 
many places brecciation was followed by enargite deposition. 

3. Later movement fractured the vein and provided openings 
for the circulation of the solutions which deposited covellite. 
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4. The covellite is fractured and chalcocite has surrounded 
fragments and has eaten in along the loosened plates of the ear- 
lier mineral. 

Pl. VI., A, is a photograph (about % natural size) of a large 
specimen taken from between the horse and the enargite zone 
of the above section. This shows quartz-enargite fragments 
cemented with covellite which in places gives way to nearly pure 
chalcocite. Pyrite occurs in both the quartz-enargite fragments 
and the covellite-chalcocite matrix, in many places showing dis- 
tinct crystal faces (see lower left-hand corner). The white 
needle-like crystals, seen in the left center, are barite. 

Pl. VI., B, shows a similar specimen, but smaller. In this 
photograph the crystalline outline of quartz and pyrite, and angu- 
lar fragments of enargite, are clearly shown. Microscopic exam- 
ination shows that the interstices and reéntrant angles between the 
quartz crystals were once filled with enargite which is now largely 
replaced by covellite; small residual fragments of enargite are 
still to be seen nestled in some of the deep reéntrant angles, and 
in close proximity to the outer edges of the crystals (or even in 
direct contact with the crystal faces of the quartz). Pyrite is 
also found inclosed in the quartz and crystallized against it. 


THE WALL ROCKS. 


As shown by Kirk,’ the early solutions accomplished sericitiza- 
tion, silicification and pyritization. Accompanying this change 
was the formation of rutile and some epidote. In his paper 
Kirk makes the following statement : 

“In contrast with the occurrence of enargite with sericite and fresh 

pyrite there is a close association of the chalcocite with kaolinite and 
altered pyrite. The later relation is more obvious near the top of the 
sulphide zone, where the chalcocite occasionally grades into native 
copper.” 
The writer has examined slides of the wall rocks from the 
1,600-ft. level of the South Leonard vein and from the 1,200-ft. 
level of the Minnie Healy and finds the rock to correspond closely 
with that described by Kirk as follows :? 


1 Kirk, Chas. T., Econ. Geor., Vol. VII., pp. 35-82. 
2 Loc. cit., pp. 61-62. 
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“The ultimate result of the propylitic action on this rock is a white, 
dense textured, siliceous, sericitic, pyritic complex, more similar to grey- 
wacke than to the original Butte granite. While it shows less than 
ten per cent. of primary quartz, its volume of freesilica amounts to above 
50 per cent. Some 4o per cent. of its volume is sericite, 5 per cent. 
pyrite with perhaps 1 per cent. chlorite.” 


The material studied by me was similarly altered except that 
chlorite was not present in it. Pl. V., B, shows the manner of 
occurrence of the sulphides in the country rock about one foot out 
from the hanging wall (1,600-ft. Leonard). Tiny veinlets of the 
copper sulphides follow in a general way the distribution of the 
earlier pyrite and, indeed, the disseminated grains of pyrite are 
also replaced to a great extent by the later sulphides. . Sericite and 
secondary quartz comprise about eighty to ninety per cent. of 
the silicates, with the remainder principally unreplaced quartz 
and feldspar of the original quartz-monzonite. The sulphide 
veinlets cut indiscriminately through masses of sericite, primary 
and secondary quartz and fragments of feldspar which are en- 
tirely free trom kaolinite. While it is a fact that very small 
amounts of disseminated kaolinite were found, this mineral was 
not associated with the sulphides in such a way as to suggest 
its simultaneous formation with the latter. No kaolinite was 
observed bordering the sulphides and only chance particles were 
in close proximity to them. The writer therefore believes that 
the sulphides were deposited from alkaline solutions and that the 
kaolinite is the result of a distinctly later phase, possibly derived 
in part since the opening of the mine workings. Polished sec- 
tions of these wall rocks reveal the fact, when studied under the 
reflecting microscope, that nearly the entire mass of the sulphides 
(in the above mentioned veinlets) is chalcocite which encloses 
residual fragments of pyrite, enargite and covellite; thus proving 
that the solutions of the several periods of copper mineralization 
were active in the wall rocks, and that their chemical character 
may be inferred from their action on the same. 


f 
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THE QUARTZ-PYRITE PHASE. 


Thin sections of the vein quartz and quartz-breccia (1,600-ft. 
Leonard) show it to be a more highly silicified stage of the seri- 
citic phase of the quartz-monzonite. Pl. XI., B, shows the manner 
of occurrence of the sulphides in the quartz-breccia. The sul- 
phides were here clearly deposited in the interstices of the sec- 
ondary quartz. From a study of polished sections showing this 
occurrence it is not clear that pyrite originally completely filled 
these interstices; it was, however, present to considerable extent 
as evidenced by the large amount of residual pyrite fragments 
in the later copper sulphides, and the generally prevalent inter- 
growth of secondary quartz and pyrite. Attention is called to the 
difference in the occurrence of the sulphides in the country rock 
and in the more highly silicified gangue of the vein filling; the 
former shows deposition of the sulphides in tiny cracks and 
veinlets through which the solutions gained access to the rocks, 
while the latter shows a distinct replacement of the gangue indis- 
criminately. Pl. XI, A, shows an intergrowth of quartz and 
pyrite, surrounded and replaced by the later enargite. 

Kirk? has stated that the formation of pyrite must have taken 
place at relatively high temperatures, above 400° C. and below 
500° C., and obviously high pressure, and that the solutions 
effecting this phase of the alteration of the quartz-monzonite 
were probably alkaline. Iron in pyrite present as residual frag- 
ments in all ore specimens examined, and as filling of veinlets and 
joint planes in the wall rocks, is greater than the iron in the 
original granite. Iron must have been added during the early 
period of metallization. Further, we find the amount of pyrite 
disseminated through the country rock greater than all iron set 
free by the action of the solutions effecting sericitization. It is 
obvious, therefore, that iron as well as sulphur must have been 
introduced with the solutions. Whether this iron was leached 
from the rock at greater depths or whether its source was mag- 
matic is not known; possibly both sources contributed. 

That the period of deposition of pyrite and secondary quartz 
was continued until a thorough cementation of the veins was 


1 Kirk, Joc. cit., pp. 48-40. 
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accomplished is evident from the fact that all slides of the gangue 
show it to be a highly silicified phase of the quartz-monzonite. 
In the polished sections occasional small areas are seen to be 
masses of intergrown quartz crystals, in some of which the in- 
terstices have remained open during the succeeding periods of 
mineralization. Illustrations showing the relation of quartz and 
pyrite to each other are as follows: Pl. VII., 4; Pl. X., A and B; 
Pi, AL, A: 

The facts regarding quartz-pyrite mineralization and the re- 
lations of the sulphides to the wall rocks in the covellite zone, may 
be summarized as follows: 

1. The first solutions effected sericitization, silicification and 
pyritization of the quartz-monzonite. 

2. These solutions were introduced not through open fissures, 
but through definite, fractured zones which became channels 
for later solutions, and from which the first solutions penetrated 
the country rock and accomplished its alteration. 

3. The first solutions brought in iron and sulphur, and de- 
posited them as pyrite in the fractured zone and the joint planes 
and veinlets in the wall rocks. 

4. A small amount of vein quartz was deposited in the frac- 
tured zone, probably in the final stage of cementation. 

5. There is no indication of the introduction of minerals other 
than quartz and pyrite in this first period of mineralization, in 
the covellite zone. 

Alteration of the country rock decreases with increasing dis- 
tance from the veins. 

7. In this zone, there is no evidence of kaolinization which can 
be associated with the introduction of the early sulphides. 

8. The early mineralization was accomplished under condi- 
tions as given by Lindgren for “ Deposits Formed At Interme- 
diate Depths.”* 


PRINCIPAL COPPER MINERALS, 


Enargite—Enargite is in general considered to be deposited by 
ascending solutions. At Butte it is later than the quartz-pyrite 


1 Lindgren, “ Mineral Deposits,” pp. 513-514. 
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mineralization and so far as observed in the covellite zone it is 
unaccompanied by the deposition of other ore minerals. Its dis- 
tribution throughout this zone is general. 

Pl. VII., A, shows quartz and pyrite surrounded by enargite and 
evidently corroded by the solutions that deposited enargite. The 
minute fragments seen along the edges of the older minerals are 
quartz and pyrite, depending on the species of the more massive 
mineral near by. Pl. XI., A, illustrates in a more general way 
the intergrowth of quartz and pyrite surrounded and apparently 
replaced by enargite. Close observation will show that the con- 
tracts between the earlier minerals continue out into, and are 
preserved in the later enargite. Pl. X., 4, is an enlargement of 
the part of XI., .4, indicated by the white dotted line. Here the 
older contacts are indicated by, and join with, the contacts of the 
unreplaced quartz-pyrite intergrowth. This inherited structure, 
showing old contacts, is of considerable importance in the later 
replacement of enargite by covellite and chalcocite., as will be 
later brought out. Study has brought out the fact that these 
contact lines are due to the presence of a greater amount of 
pyrite, or its decomposition product, left in the enargite during 
the process of replacement. It would seem that the solutions 
which brought in enargite were able to take both quartz and 
pyrite into solution where they had a continuous surface of either 
mineral for attack; but at the contact of the two minerals they 
became saturated, and a larger amount of pyrite is left untouched, 
while silica was taken into solution. Practically all of the enar- 
gite studied in the covellite zone shows inclusions of quartz and 
pyrite fragments. The lack of porosity of enargite where it re- 
places other minerals is striking. In this it differs from that 
which occurs as a filling of cavities or the more open fissures as 
a primary mineral. In the latter case it shows a massive crystal- 
line structure, generally porous with numerous cavities which are 
bounded by crystal faces of enargite. 

That enargite at Butte is due to the action of heated, ascending, 
alkaline solutions is generally accepted. The fact that there was 
such free replacement of silica during the deposition of enargite 
is further evidence that these waters were alkaline. The follow- 
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ing microphotographs illustrate the relation of enargite to the 
earlier quartz-pyrite: Pl. VII., A and B; Pl. X., A; Pl. XL, A. 

Summary of facts regarding the occurrence of enargite in the 
covellite zone. 

1. The solutions which deposited enargite followed a reopening 
of the original zones of weakness after the latter had been healed 
by the earlier solutions which accomplished the alteration of the 
quartz-monzonite. 

2. Enargite occurs principally as a replacement of the earlier 
quartz-pyrite. Microscopically small residual fragments of 
sphalerite are frequent but the relative amount of this mineral 
present before enargite is not certain. 

3. Enargite bearing solutions did not completely replace the 
quartz-pyrite of the veins. ’ 

4. Enargite was deposited in the veinlets traversing the wall 
rocks but hydrothermal alteration was not observed. 

5. The movement which opened up the veins to the enargite 
bearing solutions was not intense, else the secondary quartz 
would have been strained more generally, allowing the solutions 
access through cracks rather than by replacement. 

6. The general attack of the solutions was outward, toward 
the walls. 

7. No-enargite of a second generation was observed in this 
zone. 

Covellite—The photographs on Pl. VI., show that covellite is 
the principal mineral of the matrix surrounding the earlier quartz- 
pyrite and enargite depositions. A megascopic examination (see 
Pl. VI., A) suggests that covellite is replacing the earlier minerals. 
This is supported by microscopic examination. 

Pl. VII., E and F, show fragments of enargite cemented in a 
matrix of covellite; pyrite is closely associated with the enargite. 
Pl. VIII., A, shows enargite and quartz in the same close associa- 
tion, surrounded and being replaced by covellite. Pl. IX., A, 
shows another phase of the covellite occurrence which suggests 
a cementing of quartz and enargite fragments by covellite. A 
study of specimens from the breccia brings out the fact that 
covellite was formed after the enargite period of mineralization. 
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The pebbles are more or less rounded. The matrix is covellite 
which contains fragments of ground up pyrite, quartz and 
enargite. The quartz breccia is impregnated with enargite 
and has the general appearance of the enargite-bearing quartz of 
the hanging wall which is now altered largely to covellite and 
chalcocite. Pl. III., C, shows the contact of one of the rounded 
pebbles with the surrounding matrix which is composed principally 
of covellite. The veinlets through the quartz are composed of 
covellite and chalcocite which show residual fragments of 
enargite. 

A study of many specimens reveals the fact that covellite 
occurs principally as a replacement of enargite, and to a much 
less extent of quartz and pyrite. In the replacement of enargite 
by covellite, the latter shows a preference for enargite which has 
replaced pyrite over enargite which has replaced quartz. This 
seems to be due to partial decomposition of much of the finely 
disseminated residual pyrite which offers easy means of attack 
for the later solutions. PI. VIII., E, shows enargite and covellite 
in contact. A study with the high power objective suggests that 
the enargite is a replacement of quartz for tiny residual specks 
of quartz still remain in the enargite. The covellite possibly is a 
replacement of enargite which has replaced pyrite for fragments 
of the pyrite are still to be seen in the covellite. In Pl. VIII., 4, 
covellite appears to have replaced enargite. Pl. II., VII., shows 
covellite that possibly has replaced enargite and retained the struc- 
tural arrangement of the impurities of the earlier mineral. An- 
other phase of this interesting inheritance of structure is seen in 
Pl. VII.,D. The writer believes this to be a replacement of some 
alteration product of the normal quartz monzonite, possibly seri- 
cite. Kirk’ shows the development of pyrite along the cleavage 
planes of biotite during the process of sericitization. 

Covellite occurs as a replacement of enargite in the veinlets of 
the wall rocks (see Pl. X., B) and it is to be noted that the solu- 
tions from which it was deposited did not effect the formation 
of kaolinite. 


1 Kirk, loc. cit., p. 47. 
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A phenomenon observed in covellite has aided much in inter- 
preting certain peculiar phases of the structure seen in the occur- 
rence of this mineral. Certain of the covellite individuals change 
from light blue or nearly white to dark blue, exhibiting much 
the same character as is shown by the pleochroic trans- 
parent minerals, when the stage is rotated. Certain of these 
“pleochroic” areas are replacements of brecciated enargite, 
which in'some cases still contain unreplaced fragments of the 
earlier enargite. Specimens of covellite from the Edith May 
vein, Speculator mine, show this type of replacement in a marked 
degree, with only occasional remnants of unreplaced enargite in 
the covellite. Occasional minute remnants of sphalerite were 
also observed. 

The photographs used to illusttate the occurrence of covellite 
were all taken of specimens from the 1,600-ft. level of the South 
Leonard vein, but the writer has examined specimens from the 
Edith May vein, Speculator mine; 1,600-ft. and 2,400-ft. levels 
of the South Bell vein in the High Ore mine; and 1,200-ft. level 
of the Minnie Healy mine and finds they are all of the same 
general type of replacement. Unfortunately specimens of the 
wall rocks of these last mentioned occurrences were not avail- 
able for study but the wall rocks will be discussed in a later paper 
dealing with other phases of the mineralization in these localities. 

The following photographs illustrate the manner of occurrence 
of covellite: Pl. VI., A and B; Pl. VII., B, C, D, E, F; Pl. VIIL, 


SUMMARY OF FACTS REGARDING THE OCCURRENCE OF 
COVELLITE. 

1. There was a reopening of the veins subsequently to the 
deposition of enargite. This movement was sufficient to cause 
distinct brecciation in places. 

2. The solutions which deposited covellite did not take quartz 
and pyrite into solution as readily as did the earlier enargite 
solutions. 

3. There is no evidence of the simultaneous deposition of other 
minerals with the covellite. (Study of new material indicates 
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that covellite is connected with the early part of the massive born- 
ite period of mineralization to be discussed later. ) 

4. Covellite is principally a replacement of enargite, and in a 
slight degree of sphalerite, and early alteration products of the 
normal quartz-monzonite. Also to some extent of the massive 
bornite. 

5. Covellite retains the structures which are also shown in 
enargite and are probably inherited from enargite. 

6. There is no alteration of the wall rock which can positively 
be identified with the covellite period of mineralization. 

7. Microscopic examination does not show the presence of 
any unusual mineral which can be identified with the precipita- 
tion of covellite. 

8. There was a cessation of or change in the solutions before 
the complete replacement of enargite by covellite was accom- 
plished. 

9. There is no evidence that acid waters were active during 
the deposition of covellite. 

10. There is no evidence of the formation of a second genera- 
tion of massive covellite. 

11. The writer’s study of the Butte ores has convinced him 
that the massive covellite occurring in gouge’ was deposited be- 
fore the formation of the latter, and has been caught up in, and 
preserved by, the fault clay against the attack of later solutions. 

Chalcocite—While covellite occurs in commercial quantities 
in certain localities of the Butte district, as stated above, it is by 
no means the most important mineral in those localities; enargite 
and chalcocite in varying proportions form the greater part of 
the ore. 

Study with the reflecting microscope shows that chalcocite is 
everywhere the last mineral to form, and is always a replacement 
of the earlier sulphides. The first attack of the solutions which 
deposited chalcocite is along the contacts between the earlier 
minerals. The replacement of the mineral units themselves is 
usually not begun until a complete rimming by chalcocite has 
been completed. Pl. VII., D, shows an incipient stage in the 
1 Weed, loc. cit., p. 76. 
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replacement along the contact between covellite and quartz. It 
will be observed that chalcocite has not invaded the main body 
of the covellite as is the case shown in Pl. VII., E. The first 
example shows that the covellite, however, replaced a completé 
unit of some earlier mineral as is disclosed by the inherited struc- 
ture. The second example (Pl. VII, E) shows the meandering 
outline of platy aggregates of covellite. That these masses of 
covellite, now separated by narrow ribbons of chalcocite, were 
never in continuous orientation is shown by the easily distin- 
guished shades of blue which vary with the angle at which the 
plates were cut. The solutions were introduced through distinct 
channels which resulted from movements and slight brecciations 
along the zones of weakness in the now well-defined veins. PI. 
VIII., F, shows one of these channels, where brecciation of the 
covellite is clearly evident. Pl. VIII., D, shows a crystalline mass 
of covellite with chalcocite surrounding not only the individual 
platy bundles, but also filling fractures in the individuals them- 
selves. Examination of the polished surface shown in Pl. VIII., 
F (with high power objective) , shows broken and sharply angular 
fragments of covellite to be present in the matrix of chalcocite, 
to the minutest proportions. In this example the channels were 
evidently healed before a complete replacement of the covellite 
fragments could be accomplished. 

The manner of replacement of enargite and covellite by chalco- 
cite is distinctly different for the two minerals. Enargite is 
replaced by continuous and even attack around the edges of the 
fragments; while covellite is attacked first along its platy cleav- 
age, and then the solutions begin eating in towards the center of 
the individual plates. The first stages of this process of replace- 
ment are shown in Pl. IX., C. In Pl. IX., EZ, is illustrated the 
incipient stage of replacement of covellite by chalcocite. A study 
of many specimens leaves little doubt but that the complete 
replacement of covellite is effected in this manner. Pl. IX, F, 
shows the last stages in the replacement of covellite by chalcocite ; 
only minute needles of covellite remain, marking the positions of 
the centers of the former plates. The outlines of the earlier 


4 

1 

> 


476 JAMES C. RAY. 


fragments of covellite are distinctly traceable by the distribution 
of the residual needles. 

Another fact confirming the conclusion that, at Butte, covellite 
is earlier than chalcocite is shown in Pl. IX., B. Here we see 
that chalcocite cuts covellite. The latter is generously dotted with 
specks of pyrite and shows distinct dotted lines of this mineral 
retained as “inherited structure.” Observation of the photo- 
graph shows that the pyrite, some of which may have persisted 
through two generations of replacement, is at last broken down 
by the chalcocite forming solutions. A glance over the photo- 
graphs illustrating the history of this mineral (pyrite) shows 
that it has been reduced in amount through each successive 
process of replacement (see Pl. VII., A and C; Pl. VIII., A; Pl. 
IX., B) and its final breaking down is usually accomplished in 
the third period (chalcocite) of copper mineralization. 

Pl. IX., D, shows chalcocite surrounding residual fragments 
of enargite and covelite (the bornite shown in this photograph 
will be discussed later). Pl. XII., C and D, show chalcocite 
cementing distinct fractures in plates of covellite. That fractur- 
ing occurred is evident from the marked parallelism of the sepa- 
rated ends of the covellite. In Pl. XII., D, chalcocite can be dimly 
seen eating in along cleavage planes of the platy covellite, thus 
giving further evidence of fracture across a once continuous 
unit of crystallization. 

A further discussion of chalcocite is necessary in connection 
with chalcopyrite and bornite as treated under the next heading. 
The following photographs illustrate the relation of chalcopyrite 
to the older copper minerals, pyrite and the wall rocks: Pl. VI., 4; 
Pi. Vil., D, E and F; Pl. VIL, A, B, D,-Z, F; and Pi. IX., 
OD, 


SUMMARY OF FACTS REGARDING CHALCOCITE IN THE 
COVELLITE ZONE. 
1. The solutions from which chalcocite was deposited were 
introduced through factures in the veins, which had already 
undergone two stages of copper mineralization by replacement. 
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2. There is no evidence of the activity of acid solutions during 
the deposition of chalcocite in the localities studied for this zone. 

3. The chalcocite of this period of mineralization is a replace- 
ment of enargite, covellite and to considerable extent of massive 
bornite, and is therefore the third generation of copper sulphides. 

4. Chalcocite occurs in a minor role as the cementing medium 
for brecciated fragments of enargite and covellite, and also to 
some extent filling fractures in the earlier sulphides. 

Chalcopyrite and Bornite-——Perhaps the most interesting phe- 
nomenon brought to light by examination with the reflecting 
microscope is the manner of occurrence of chalcopyrite and bornite. 
They are derived from pyrite held in enargite and covellite during 
several generations of replacement, and the origin of both these 
minerals is directly associated with the presence of the iron sul- 
phide locally. Several specimens were collected which showed as 
much as half an inch of chalcopyrite coating the outside of 
enargite fragments; covellite occurred outside of the chalcopyrite. 
Polished sections from these specimens showed the chalcopyrite 
to be a direct result of the breaking down of the enargite and 
possibly effected by the solutions which formed chalcocite near 
by. Generally speaking, chalcopyrite in this zone is the result of 
the replacement of enargite, while bornite is usually formed 
during the replacement of covellite. A glance over the summaries 
of the facts will show that the amount of inherited pyrite is 
somewhat reduced during the replacement of enargite by covel- 
lite, hence when the last period of breaking down of the pyrite 
is effected, there is more iron in solution as a result of the replace- 
ment of enargite than is the case when the solutions dissolve 
covellite. Data regarding the mode of formation of chalcopyrite 
and bornite are obtained by examination of surfaces attacked by 
the chalcocite solutions. Pl. VIII., E, shows chalcopyrite form- 
ing in a deep reéntrant angle of enargite. It has been repeatedly 
observed that chalcopyrite or bornite are the result of the early 
attack of the chalcocite solutions, but where the replacement is 
carried farther along the solutions seem better able to eliminate 
the iron. Pl. XII., A, is part of a polished section taken from 
-one of the more massive occurrences of chalcopyrite mentioned 
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above. To the left (not shown in the field) is enargite, while to 
the right is covellite. The dull deeply etched portion is chalco- 
cite. Chalcopyrite occupies most of the field and appears to have 
replaced covellite in the center of the photograph. This feather 
like remnant of covellite might easily be mistaken for the last 
mineral formed were there not so much evidence in other speci- 
mens that chalcocite is later than covellite and that chalcopyrite 
is contemporaneous with chalcocite. Pl. XII., D, shows bornite 
forming in chalcocite, the latter cuts and is later than the covel- 
lite; tiny residual specks of pyrite are still to be seen in the bornite 
masses. PI. XI., C, shows how bornite sometimes forms around 
covellite where there is sufficient “inherited” pyrite to supply the 
necessary iron. Pl. XI., D, shows an occurrence of bornite 
similar to XI., C, except that replacement was carried on almost 
to the complete elimination of covellite. Numerous sections show 
that a‘slight fracturing took place at this point in the formation 
of the ore deposits as evidenced by fracturing and slight disloca- 
tion of many of the recently formed local occurrences of bornite. 
In Pl. XI., D, the bornite is seen to be fractured and a later chal- 
cocite to be deposited in the opened cracks. These later solutions 
also attacked the outer edges of the bornite mass, giving them a 
frayed-out appearance. Residual covellite needles are seen 
scattered through the chalcocite as evidence of the former pres- 
ence of covellite in a massive or brecciated condition. Pl. XI., E 
and F, show bornite in sinuous loops in chalcocite. The local 
formation of bornite along old structural lines is induced by the 
presence of larger amounts of pyrite which have not been broken 
down by the successive periods of replacement. Attention is 
called to the close proximity of covellite, which shows that the 
chalcocite solutions have ceased to circulate before a complete 
replacement of the covellite was accomplished. 

Pl. XII., E and F, show the marked development of crystalline 
structure in chalcocite of the early period. This structure was 
not brought out by tratment of the polished surface with acid, 
but is the result of a tarnishing of tiny inclusions by the moisture 
of the atmosphere. With the high power objective it is seen that 
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the bluish tinge of the chalcocite is caused by minute, thickly 
distributed particles of covellite and bornite through the mass. 
Covellite is distinguishable in minute specks which decrease in 
size until their presence can only be determined by the bluish 
tinge which they impart to the chalcocite. Bornite occurs in the 
same way. It is sometimes so finely divided that its presence is 
only known by a faint pinkish tinge in the chalcocite. If a speci- 
men be’ freshly polished the whole mass of chalcocite will, at first, 
appear a bright silver color. As these almost sub-microscopic 
specks of bornite begin to tarnish from dampness, the chalcocite 
takes on a faint pinkish tinge which soon changes to pale blue. 
Where this change takes place we see the development of the 
structure as shown in XII., F. A study of the occurrence of this 
structure has led the writer to form the conclusion that there is a 
molecular influence exerted during the crystallization of the 
chalcocite which tends to purify it along the crystallographic 
planes. In Pl. XII., E and F, the reader can see many small 
darker areas of bornite. None of them cross the crystallographic 
lines, but have been parted during the process of molecular 
rearrangement. Where the bornite occurs in a sufficiently mass- 
ive state this structure is usually interrupted; occasional occur- 
rences are noted, however, where the purer chalcocite penetrates 
the bornite for short distances. Bornite, where finely dissemi- 
nated, is still further eliminated along a third and less distinct 
crystallographic plane; this is easily distinguished under the 
microscope but does not show in the photographs. 

The precipitation of chalcocite in a colloidal state is here 
strongly suggested and the formation of chalcopyrite and bornite 
is believed to be due to a reaction of iron (locally taken into 
solution) on the colloidal chalcocite. This conclusion is sup- 
ported by the fact that we usually find a mass of chalcopyrite 
bordered by bornite between it and the near by chalcocite, often 
with appreciable remnants of pyrite left in the center of the mass. 
It has been found also that the so-called graphic intergrowth of 
chalcocite and bornite (as it occurs in the covellite zone) is in 
_ reality induced by the local presence of pyrite at the point of 
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formation of the bornite, and is due to the peculiar method of 
replacement of covellite by the chalcocite solutions.? 

Pl. XII., B, shows fragments of pyrite, enargite and covellite 
cemented in chalcocite which also contains contemporaneous bor- 
nite. The darker chalcocite shows structure and is thickly dotted 
with tiny specks of covellite and bornite. The lighter chalcocite 
is pure and was introduced after the development of structure in 
the darker variety. This invasion of later chalcocite is noted in 
all specimens studied from the covellite zone and suggests the 
presence of two generations of chalcocite. The occurrence of the 
second generation of this mineral is not extensive in the speci- 
mens of covellite studied and the period during which solutions 
effected its deposition may have been of short duration. The 
second generation of chalcocite will be taken up at greater length 
later. Photographs illustrating the occurrence of chalcopyrite, 
bornite and the crystallographic phases of chalcocite are as fol- 
lows: Pl. VITI., E; Pl. IX., C, E, F; Pl. XII., A, B, C, D, E, F. 

An earlier generation of bornite appears sparingly in associa- 
tion with covellite and seems to be the result of an overlapping of 
the conditions which produced massive bornite throughout the 
district asa whole. (See Pl. IX.,D.) This occurrence of born- 
ite is in general due to the breaking down and replacement of 
enargite and precedes the formation of the first generation of 
chalcocite. 

Microscopic evidence as to the exact relations of massive covel- 
lite and massive bornite are extremely conflicting. In some cases 
needles of covellite cut the bornite, in others the covellite is ap- 
parently corroded by the bornite. From these facts the writer is 
inclined to assign both minerals to the same general period of 
mineralization and believes that they crystallized from a colloidal 
solution. This supposition is strengthened by the fact that no 
mineral was detected which can be connected with the erratic dis- 
tribution of massive covellite, while the sudden release of a dis- 
persive agency such as hydrogen sulphide might cause the rapid 

1 The study of the transportation and precipitation of sulphides in colloidal 


form has been carried on by Tolman and Clark and their results will appear 
soon. 
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crystallization of certain of the colloids. Structural conditions 
in the veins might easily cause unequal release of pressure when 
subjected to movement, thus giving the necessary conditions for 
the unequal release of the dispersive agency. 


SUMMARY OF FACTS REGARDING CHALCOPYRITE AND 
BORNITE IN THE COVELLITE ZONE. 


1. Chalcopyrite and bornite are contemporaneous with the first 
generation of chalcocite. 

2. Massive bornite is closely associated with covellite. While 
not an intergrowth it seems to be of the same period of mineral- 
ization. 

3. The formation of chalcopyrite and bornite is induced by 
the presence of residual pyrite which seems to be resorbed by the 
chalcocite while in the colloidal state. 

4. The principal distribution of chalcopyrite and bornite is 
controlled by the distribution of iron retained in the enargite and 
covellite which are replaced by the chalcocite solutions. 

5. Chalcopyrite and bornite are replaced slowly by the second 
generation of chalcocite, thus effecting the final elimination of 
iron from the copper sulphides. 

6. There are two generations of bornite in the covellite zone. 


1Clark, J. D., “A Chemical Study of the Enrichment of Copper Sulfide 
Ores,” Bulletin University of New Mexico, Chemistry series, Vol. I., No. 2, 
June, 1914. 
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PLATES. 


In the following plates the symbols employed to denote the minerals in the 
microphotographs have the significance given below: 


bornite. 

covellite. 
...-enargite. 


pyrite. 


‘ 
Si or silicates. 


EXPLANATION OF PLATE VI. 


A, 1,600-foot level Leonard Mine. % natural size. Polished surface of 


covellite ore. 
B, same localtiy. 14 diams. 


Polished surface of covellite ore. 
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EXPLANATION OF PLATE VII. 


All specimens from 1,600-foot level, Leonard Mine. 

A, X25 diam. Polished section. Enargite replacing silicates and pyrite. 

B, X30 diams. Pol. sect. Cavity in quartz filled with pyrite, enargite 
and covellite. The enargite shows residual specks of pyrite. 

C, X30 diams. Pol. sect. Covellite replacing, and retaining the structure 
of, enargite. 

D, X30 diams. Pol. sect. Covellite showing structural distribution of 
pyrite as developed by sericitization of bornite. 

E, X10 diarns. Pol. sect. Covellite replacing enargite. The enargite 
fragments are outlined with ink as they did not show well in the negative. 

F, X 28 diams. Pol. sect. Enargite and pyrite fragment in covellite. The 
pyrite is more resistant to the covellite than is the enargite. 
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EXPLANATION OF PLATE VIII. 


All specimens from 1,600-foot level, Leonard Mine. 

A, X30 diams. Pol. sect. Enargite and quartz fragments in covellite. 

B, X15 diams. Pol. sect. Covellite replacing enargite but leaving pyrite 
untouched. 

C, X15 diams. Pol. sect. Contact of pebble from “quartz breccia” and 
covellite matrix. 

D, X15 diams. Pol. sect. Chalcocite cementing fractured covellite. The 
chalcocite is etched to bring out the contrast. 

E, X30 diams. Pol. sect. Chalcopyrite forming from covellite in re- 
entrant angles of enargite. Chalcocite is forming along the contact between 
enargite and covellite. Chalcocite is etched. 

F, X15 diams. Pol. sect. Chalcocite cementing enargite and covellite 
fragments. Chalcocite is etched to bring out contrast. 
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EXPLANATION OF PLATE IX. 


A, X50 diams. Pol. sect. Covellite cementing quartz-enargite fragments. 
Chalcocite (etched) is creeping in along the contacts: ’ 

B, X15 diams. Pol. sect. Covellite showing inherited pyrite and cut by 
later chalcocite (etched). The black specks are pyrite. 

C, X 125 diams. Pol. sect. Complex of enargite and covellite being re- 
placed by chalcocite (etched). 

D, X 100 diams. Pol. sect. Chalcocite surrounding enargite and covellite, 
showing development of bornite around the earlier minerals. 

E, X 180 diams. Pol. sect. Incipient stage of chalcocite replacement of 
covellite. 

F, X150 diams. Pol. sect. Final stage of chalcocite replacement of 
covellite. Residual needles of covellite show the outlines of the former 
fragments of covellite. 
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EXPLANATION OF PLATE X. 


All specimens from 1,600-foot level of the Leonard Mine. 

A, X150 diams. Pol. sect. Enargite metasomatically replacing quartz and 
pyrite, and retaining structural relations of the earlier minerals. Enlarge- 
ment of a part of Pl. XI, A. 

B, X 150 diams. Thin section, transmitted light. Showing the manner 
of occurrence of the sulphides (black) in the minerals of the wall rocks. 
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EXPLANATION OF PLATE XI. 


All specimens from 1,600-foot level of the Leonard Mine. 
A, X30 diams. Pol. sect. Enargite replacing quartz-pyrite and retaining 
structure of the earlier minerals (see enlargement, Pl. X., 4). 


* B, X 100 diams. Thin slide, transmitted light. Showing relation of the 
: sulphides (black) to the secondary quartz of the “ quartz-breccia.” 
: : C, X25 diams. Pol. sect. Showing development of bornite around covel- 


‘ 7 lite. Also two generations of chalcocite (light and dark). 
; ' D, X 180 diams. Pol. sect. Bornite and residual covellite needles in chal- 


cocite. Bornite is contemporaneous with the first, but is cut by the second, 
generation of cholcocite. 
: E, X12 diams. Pol. sect. Showing the induced formation of bornite, in fs 
chalcocite, along the thrice inherited structure of quartz-pyrite. 


F, X80 diams. Pol. sect. Same as FE. Also shows two generations of 
chalcocite (light and dark). 
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EXPLANATION OF PLATE XII. 


A, X30 diams. Pol. sect. Chalcopyrite replacing enargite and covellite. 
The chalcopyrite to an early phase of the first generation of chalcocite. 

B, X 100 diams. Pol. sect. Bornite and chalcocite (first generation) cut 
by later chalcocite. 

C, X13 diams. Pol. sect. Covellite cut by chalcocite. 

D, X24 diams. Pol. sect. Chalcocite cutting and replacing covellite. 
Bornite is forming around pyrite which is inherited from the earlier 
sulphides. 

E, X 180 diams. Pol. sect. Structure in chalcocite of the first generation. 

F, X 180 diams. Pol. sect. Structure in chalcocite of the first generation. 
Also bornite and second generation chalcocite (light). 
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DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion: Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


IMPORTANCE OF CARBONATES IN THE ROLE OF 
SECONDARY SULPHIDE ENRICHMENT. 


Sir: In a series of chemical experiments the writer was able to 
get a coating resembling bornite on chalcopyrite in a cold solu- 
tion in the presence of calcite. 

Ground calcite and pieces of chalcopyrite were put in a test 
tube and cupric and ferrous sulphate solutions of about one 
tenth normal were added. At the end of fifteen hours, copper 
and iron were precipitated out. Some ferrous iron was found in 
the filtrate, but no copper. Upon examination of the chalcopy- 
rite a distinct color change was noted. The chalcopyrite had 
apparently changed to bornite. With siderite in place of the 
calcite the same result was obtained at the end of ten days. 
Pyrite was tarnished but in a less degree. 

In order to ascertain the chemical composition of the coating, 
the following test was made: A selected specimen of chalco- 
pyrite was crushed, passed through a No..20 mesh sieve and 
caught on a No. 40 mesh.1. It was then washed with dilute 
hydrochloric acid in order to get rid of any calcite present. 
When the specimen had been dried two equal portions were 
weighed in beakers, and one was brought into solution after 
adding cupric and ferrous sulphate and calcium carbonate. A 

1 Too fine grains do not serve for the purpose, as they are liable to get con- 
taminated with the iron and copper precipitates. 
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boiling temperature was employed in order to accelerate the 
chemical action. When sufficiently tarnished, the contents of the 
beaker were dumped into a No. 40 mesh sieve and washed until 
the water no longer showed copper color. They were then 
treated with a fairly strong hydrochloric acid, and as soon as the 
coating was dissolved out, were filtered and washed. 

At the same time an equal amount of hydrochloric acid was 
added to the other beaker, the contents of which were filtered 
and washed. Ammonia water was added to both solutions which 
were brought to boiling point to precipitate iron. Equal volumes 
of the solution were compared for the copper content. The tube 
containing the solution from the tarnished chalcopyrite had 
decidedly more copper than that from the chalcopyrite alone. 

A mixed solution of cupric and ferrous sulphate without cal- 
cite coats chalcopyrite in a cold solution, but the process is a slow 
one. In the presence of a carbonate the chemical action is much 
accelerated and the coating takes place rapidly. 

The presence of a carbonate causes the solution to become 
neutral. It is never strongly alkaline. This appears to be an 
essential condition under which the precipitation of secondary 
sulphide takes place. In the presence of acids the mineral would 
not be tarnished, but calcite or any other carbonates would re- 
duce acidity. If ferric sulphate were present carbonate would 
precipitate out iron and at the same time reduce acidity, causing 
the precipitation of secondary sulphide on chalcopyrite. 

The occurrence of secondary bornite and chalcopyrite has 
often been reported at copper mines where carbonates are found, 
without, however, any definite statement regarding the process 
of the formation. A descending solution containing cupric and 
ferrous sulphate, coming in contact with carbonate gangue, gives 
up a portion of its iron and copper content as oxide or carbonate 
and enriches primary chalcopyrite and pyrite. 

In connection with this experiment the following results were 
obtained in hot solutions: 


1 Spencer, A. C., “ Chalcocite Enrichment,” Econ. Geox., Vol. VII., p. 621. 
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Chalcopyrite and Pyrite in Contact With Color of Original Minerals. 


40, CuSO; Fe(SO,),, CaCO, Changed. 


Gro. S. NISHIHARA. 


MANGANESE AS AN IMPURITY IN SOME OF 
THE SULPHIDES. 


Sir: The writer while carrying on some chemical experiments 
in connection with the secondary sulphide enrichment problem, 
some of the marcasite and galena evolved hydrogen sulphide gas. 
A careful analysis has revealed the presence of a considerable 
amount of manganese in the marcasite. It amounted to 0.04 
per cent. in the cubic galena of apparently pure specimen. 

Dana in his “ System of Mineralogy,” 1911, p. 49, gives occur- 
rence in galena of silver, selenium, zinc, cadmium, antimony, 
bismuth, copper as sulphides: besides native silver and gold and 
even platinum as impurities, but he does not mention any 
maganese. 

The present writer inclines to think that many other sulphides 
may contain manganese as an impurity perhaps in the form of 
alabandite. 


Gro. S. NISHIHARA. 
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Igneous Rocks and Their Origin. By Recinatp A. Daty. McGraw- 
Hill Book Co., New York, 1914. 563 pages, 205 illustrations. Price 
$4.00. 

Geologists who have followed the work of Professor Daly in the series 
of brilliantly speculative papers which he has published during the last 
fifteen years have awaited this book with keen interest, feeling certain 
that, whatever faults the work might have, dullness and lack of origi- 
nality would not be among them. 

The book is devoted to the exposition of what the author modestly 
terms an eclectic theory of the origin of igneous rocks and although, as 
he himself points out, many of the views which he holds have been 
previously advanced by others, no one before has marshalled such a 
multitude of facts to their support or has displayed so much constructive 
imagination in building these more or less isolated guesses at truth into 
the imposing fabric of a well-elaborated theory. Probably few will 
accept all of his conclusions; but criticism that might be led to dwell 
upon the speculative character of much of the reasoning is largely dis- 
armed by the frank and characteristic introduction in which the function 
of the imagination in science is outlined with stimulating enthusiasm. 

The volume is divided into three parts. The first is a broad consid- 
eration of the “facts which need explanation in a philosophy of the 
igneous rocks”; the second presents the general theoretical conclusions 
reached on the origin and mode of irruption and eruption of igneous 
rocks; and the third is an attempt to apply these conclusions to the 
known facts. 

The author begins Part I. with a discussion of the classification of 
rocks. He rejects the so-called quantitative system, or, as he aptly 
terms it, the norm system, as being based on assumptions concerning 
chemical relations in magmas, as having little adjustability to newly 
discovered facts, and as disregarding in its grouping some of the most 
significant relationships and conspicuous differences among the igneous 
rocks. In short, he regards that system as generally impracticable 
although he admits that it has stimulated thought in certain directions 
and has led to a more thorough and fruitful use of rock analyses. 

Falling back upon the Rosenbusch classification, Professor Daly at- 
tempts to give that a quantitative character by presenting a table which 
486 
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shows the average chemical composition calculated for each rock type. 
He apparently overlooks the fact that the extent to which a system is 
quantitative depends less upon the establishment of averages or “ center 
points” for each type than upon the limiting distinctions between these 
types. Just in proportion as he makes those limits definite he lays his 
system open to one of the chief objections which he raises against the norm 
system—that of putting closely related rocks into different classificatory 
compartments. Moreover, the absence of detailed information concern- 
ing the individual analyses utilized in the calculation of the averages 
gives the latter a somewhat arbitrary character. The author divides 
the igneous rocks into ten groups which he designates as clans; such as 
the “granite clan,” the “diorite clan,” etc. 

In connection with the discussion of rock classification Doctor Daly 
makes the very good point that failure to determine and state the specific 
gravity of a rock analyzed greatly impairs the usefulness of the chemical 
analysis. 

He next passes to the classification,of intrusive bodies, dividing them 
broadly into A, Injected masses, and B, Subjacent masses. Under A 
are distinguished I. Concordant injections (injected along bedding 
planes), as intrusive sheets, laccoliths and phacoliths (lenticular intru- 
sions), and II. Discordant, or cross-cutting, injections, as dikes, necks, 
bysmaliths, chonoliths, etc. Under B are placed stocks and bosses and 
batholiths. Examples of the various forms are drawn from a wide 
acquaintance with the literature of structural geology. The term chono- 
lith has been coined by Professor Daly to designate intrusive masses of 
irregular form such as do not properly come under the names applied to 
more regular bodies but which, in part at least, have been described by 
other writers as bosses, stocks or laccoliths. The distinction between a 
chonolith and a batholith is not clearly drawn but appears to be based 
partly on size but chiefly on the supposition that the chonolith, as its 
name implies, has, in the main, filled a cavity, whereas the laccolith, as 
here defined, has gradually made a place for itself by the process which 
Daly calls magmatic stoping. 

Extrusive bodies are similarly classified as to form and examples are 
given of each type. 

Part II. opens with a consideration of the cosmical aspects of the 
earth. The planetesimal hypothesis of Chamberlin and Moulton is 
regarded as resting on a firmer basis than the older hypotheses of earth 
origin but it is not wholly satisfactory to Professor Daly and he modi- 
fies somewhat the statement of that hypothesis and its consequences, as 
formulated by its authors. He concludes that it “does not forbid belief 
in: (a) a former molten stage for the earth’s external shell; (b) the 
density stratification of the planet; (c) a fairly uniform composition 
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for the surface shell; and (d) general magmatic temperatures not more 
than a few miles below the surface, throughout geological time.” 

Proceeding with the development of his theory, the author distin- 
guishes in centripetal order (1) the earth’s sedimentary shell, discon- 
tinuous and relatively thin; (2) the “acid” or granitic shell; and (3) 
the basaltic shell or substratum. So much he regards as directly deriv- 
able from proved facts, acknowledging the speculative character of the 
reasoning which would postulate a deeper peridotitic shell. All igneous 
activity “since the beginning of Keewatin has been due,” according to 
Daly, “to the interactions of the basaltic substratum on the overlying 
acid shell and sedimentary shell of the earth.” This is the essence of 
his thesis and he proceeds in the following chapters to discuss the 
probable mechanism of the processes involved. 

The first necessity is a contracting earth. Daly points out that loss 
of heat is only one factor tending to cause shrinkage. Changes in 
chemical combination and condensation due to crystallization may he 
believes be even more effective. He then outlines the familiar concep- 
tion of an outer shell of compression limited below by the “level of no 
strain,” or what Chamberlin has more accurately referred to as the level 
of no stress. Below this level, Daly postulates a shell of tension and 
assumes, on grounds that appear to the reviewer to be very inade- 
quately presented in view of the importance of this assumption to what 
follows, that this tension has a large tangential element. This tension 
is supposed to result in cracks up which the primitive basaltic magma 
finds its way to react with the granitic and sedimentary shell in the 
production of the many varieties of igneous rocks. The supposed 
mechanism by which this tension and abyssal injection produce geosyn- 
clines or downwarps of the earth’s surface also lacks convincing ex- 
position and one unused to speculation at such depths may well cast ap- 
prehensive glances at the slender thread of reasoning that alone con- 
nects him with the solid crust of observation. 

The rise of the primitive basaltic magma into the overlying shells and 
the expansion of the modified or syntectic magma into great batholithic 
intrusive masses is accomplished chiefly, according to Daly, through the 
complementary processes that he has termed magmatic stoping and mag- 
matic assimilation. In other words the magma eats its way into the 
enclosing rocks by shattering these, by detaching the loosened blocks 
and by melting and incorporating these blocks as they sink down in the 
molten material. The mechanics and physics of these processes are dis- 
cussed in considerable detail, particularly with reference to the supply 
of adequate heat. He concludes that the initial superheat of the basaltic 
magma is probably limited to a few hundred degrees and he explains 
its enormous assimulative capacity by the fluxing action of absorbed 
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gases and by the effects of mixtures of rock matter in lowering the 
melting point. He assumes 1300° C. as the initial temperature of an 
intrusive basalt wedge whereas granite solidifies between 575° and 870°. 

Magmatic differentiation is rather briefly discussed. Professor Daly 
favors the liquation hypothesis and uses “ gravitative differentiation ” as 
a name for the chief mode of differentiation, without implying that frac- 
tional crystallization or liquation is the more active process. In this 
connection he asks why the supporters of the theory of magmatic 
differentiation have generally opposed the idea of magmatic assimilation. 
One reason is not far to seek. Petrologists, many of whom still hope 
for a satisfactory classification of igneous rocks, have been reluctant to 
admit the effectiveness of a process whose operation must result in mix- 
tures having no real distinctions of specific rank. 

Chapter XIII., on the mechanism of volcanic vents of.the central type, 
is virtually a reprint of the author’s paper on “ The Nature of Voicanic 
Action,” published in 1911. It contains much material for thought and 
discussion, but only a few of its salient points can here be touched upon. 

Eruption at any point depends, according to Daly, on the local up- 
ward transfer of magmatic heat. The magma may first reach the 
surface through a fissure enlarged by “gas fluxing,” by the upward 
magmatic stoping of a cupola-like projection on a batholith, or by a 
combination of both modes. A vent once established may be maintained 
through what Daly terms “two-phase convection,” involving deep- 
seated vesiculation of the lava, the gathering of the bubbles together 
and a rapid uprise of the vesiculated or frothy mass of magma, with a 
consequent upward transfer of heat. The work of A. L. Day and his 
colleagues at Kilauea has shown, however, that huge single bubbles may 
also rise through the lava and are perhaps more effective than the 
bubble-aggregates described by Daly. These investigators have shown 
also that considerable heat may be developed at the surface of the lava 
by the chemical reactions set up by the escaping gases. The possibility 
of explosions arising from the passage of magma through wet rocks, 
Professor Daly dismisses briefly as a mere detail. 

Chapter XIV. is a summary of the eclectic theory and a comparison 
of it with the independently reached and in part similar views of 
Loewinson-Lessing. 

This chapter is followed by Part III., in which a large number of 
occurrences of rocks belonging to the different clans are passed in 
review and are discussed in the light of the previously expounded 
theoretical views. 

Of the worth and tonic quality of this book there can be no question. 
The work is most valuable, however, when read with a constant realiza- 


tion of the author’s point of view in regard to fact and theory, with the 
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perception that with the eclecticism in the use of hypotheses is asso- 
ciated a certain eclecticism in the recognition of facts and a tendency to 
give the same facts different value or significance under different cir- 
cumstances of the argument. Professor Daly’s theory is notably weak 
in failing to account satisfactorily for the existence of the enormous 
masses of pre-Cambrian granitic rocks which constitute the earth’s 
granitic shell.: Another difficulty, which he frankly recognizes, is the 
occurrence of anorthosites in huge intrusive masses which have gen- 
erally been regarded as batholiths. If, as Daly says, these were bath- 
oliths, “the basal conceptions of the eclectic theory would need drastic 
revision.” He concludes that the anorthosites are gravitative differ- 
entiates of his primary basaltic magma and that they are laccolithic, not 
batholithic, in form. 

In his presentation of the case for magmatic stoping and assimilation 
Professor Daly, in the opinion of the reviewer, has done great service to 
geology by calling attention to processes which must undoubtedly be 
reckoned with under some circumstances but which perhaps have not 
played quite so important a part as he assigns them. The difficulty of 
explaining how blocks of the “acid” shell can, as supposed, sink in a 
basaltic magma, although ingeniously attacked, remains stubbornly on 
the field. 

The book is clearly and attractively written, effectively illustrated and 
remarkably free from typographic errors. It may heartily be recom- 
mended to thoughtful readers having some knowledge of petrology and 
the power of independent judgment. In so far as the spirit of the work 
tends to stimulate the constructive imagination of investigators in 
geology and to replace mental lethargy by fertility of hypothesis, its 
influence is for good. Teachers should be on their guard, however, 
lest immature students, fascinated by Professor Daly’s engaging presen- 
tation of his subject, should grow impatient of the exacting but fruitful 
labor demanded for the verification of hypotheses. In science imagina- 
tion points out paths with no commitment as to their practicability or 
ends. Patient investigation must determine which are blind and which 
lead to new fields of knowledge. 

F, L. Ransome. 


Studies on the Geology of the Iron Ores of Lapland. By Per Geiyjer. 
Reprinted from Geologiska Féreningens i. Stockholm, Férhandlinger. 
December, 1912, 60 pp., 9 fig. 

During the years 1905-1909 Dr. Geijer studied the geology of the iron 
ores of the Kiruna district in Swedish Lapland. The results of these 
years of investigation were published as a monograph in 1910.1 His later 


1 An author’s abstract of this monograph appeared in Economic Geotocy, 
Vol. V., 1910, pp. 699-718. 
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publication summarizes the results of subsequent field work in which new 
evidence relating to the origin of the apatitic ores of Lapland was col- 
lected. 

The opening chapter describes the geology of the Ekstrémsberg ore 
field, the third largest in Lapland. It lies about eighteen miles west of 
F.runa. The ore bodies form a system of parallel beds dipping 80° to 
the southwest and alternating with a porphyry which has a striking re-. 
semblance to the quartz porphyry of Kirunavaara. Dr. Geijer believes 
that this. porphyry is extrusive. Fluidal structures are made conspicuous 
by a certain banding which has been accentuated by later pressure 
metamorphism. Magnetite-syenite porphyries, probably also surface 
flows, occur here and there parallel to the strike of the quartz porphyry. 
The main ore body is magnetite with smaller beds of specular hematite 
to the southwest. Apatite in small quantities comprises the only primary 
gangue mineral. 

The magnetite ore is believed to ,have a magnetic origin as an extru- 
sive bed, because of the close association with the extrusive porphyries 
and of the analogies with Kiruna. Field evidence favors a similar origin 
for the hematite ores as they are quite as closely associated with the por- 
phyries. Moreover there is frequently found a mixture of magnetite and 
hematite in the ore bands in the porphyry. 

There is still much doubt concerning the differentiation processes 
which lead to the formation of ore deposits from a magnetite-syenite 
porphyry so that it is difficult to determine whether or not this rock rep- 
resents a transitional stage between the ore and the parent magma. 
Similar rocks have been found in the syenite porphyries of Kirunavaara 
and Luossavaara which are regarded as differentiation phases of the 
normal syenite porphyry to which they are connected by transitional 
forms. On Njakak Hill, near Ekstrémsberg, a “ differentiation contact ” 
zone between a dark magnetite-syenite porphyry and a pink syenite por- 
phyry was observed. Thus from chemical composition, structure and 
geological relations, Dr. Geijer characterizes the magnetite-syenite por- 
phyry as a normal link in the series of the ore-bearing rocks and makes 
it evident that it has not been formed through resorption of pre-existing 
ore bodies by the magma. The fact that the magnetite in most magnetite- 
syenite porphyries has most evidently crystallized after the feldspars, he 
believes, suggests that the differentiation of ore bodies from a magnetite- 
syenite magma generally takes place as a part magma with a lower tem- 
perature of crystallization. 

The eruptive structures in the apatite magnetite rocks, Dr. Geijer 
believes, furnish important proofs of their magmatic origin. The ophitic 


distribution of the pyroxene, the skeleton forms developed by the mag- 
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netite and the trachytoidal arrangement of apatite prisms are suggestive 
features in the Kiruna ore body. From field observation and experi- 
mental evidence, the primary nature of trachytoidal flow structures, he 
thinks, is definitely proven. The comparison of the apatite iron ores of 
Lapland with other magnetite apatite rocks of igneous origin shows that 
the other structural forms are characteristic of a rather quickly cooled 
igneous rock of this composition. 

Dr. Geijer considers in some detail the mode of eruption of the por- 
phyries and of the ores. He reiterates his belief that the porphyries have 
an effusive origin as suggested by the fluidally elongated, lithophyse-like 
“button holes.” The agglomerate of Luossavaara is regarded by many 
as the deciding factor in favor of the effusive interpretation. The micro- 
granitic structure of the quartz porphyry is regarded as a devitrification 
structure. 

The ore bodies are also believed to be effusive. The facts upon which 
this opinion is based are the geological position of the ore bodies, the 
nature of the contacts, and the presence of ore fragments in the hanging 
wall rock. This last fact forms the main footing for the hypothesis of a 
surface flow of ore magma. 

The differentiation process is discussed in the final chapter. The de- 
tails of the process are traced as follows: 


“The ores represent the last crystallizing parts of the series in which 
the differentiation of the original parent magma has resulted. The main 
ores which are almost free from pneumatolytic substances must have 
crystallized under quite different magmatic conditions, equal to those of 
the rocks; the apatite dikes, though having magmatic structures, have in 
these regards been akin to pegmatities. The deposition of the hematite 
ores may be regarded as one of the last phases of the volcanic activity.” 


In deep-seated rocks, two types of differentiation are distinguished. 
In one, the iron as magnetite or ilmenite is concentrated with compounds 
having high melting points as basic segregations. This is the origin 
attributed to the titaniferous ores of gabbroid rocks. In the other type, 
the iron occurs as volatile compounds which are gradually squeezed out 
during the crystallization of the rock, thus furnishing the source of the 
iron of contact deposits.? 

In effusive phases, basalt eruptions are believed to be sometimes 
followed by the emanations of vast quantities of iron compounds in gase- 
ous state or liquid water solutions, the iron being precipitated as chemical 
sedimentary ore deposits. This is the origin attributed to the red hema- 


1Such as Cebolla District of Colorado, See Singewald, Econ. Gerot., Vol. 
VIL., 1912, p. 560. 
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tites of the German Devonian and to the main mass of the original car- 
bonate and greenalite rock of the Lake Superior region. 

Dr. Geijer classifies eruptive iron ores (those deposits whose iron has 
been deposited as the first solid phase) into three groups: (1) the titanif- 
erous ores (magmatic), without pneumatolytic minerals and standing 
in a basic segregation relation to the parent magma; (2) ores that are 
products of magmatic crystallization but carry pneumatolytic minerals 
and stand in a pegmatitic relation to the parent magma (late magmatic) ; 
(3) the emanation ores (non-magmatic), typically represented by con- 
tact deposits. 

The general chemical composition of the ore-bearing rocks together 
with a certain amount of magmatic water are considered the important 
factors in the separation of magnetite. 

Dr. Geijer has discriminated carefully between fact and inference and 
has reached his conclusions purely by inductive reasoning. He has con- 
tributed much valuable data in this and in his earlier report regarding the 
occurrence and origin of this type of deposit. 


M. G. Epwarps. 
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RECENT LITERATURE ON ECONOMIC 
GEOLOGY. 


COMPILED BY 
Sipney Paice AND F, J. Katz. 
METALLIC. 

GOLD AND SILVER. 


The Association of Gold Depoisits with Acid Igneous Rocks in Southern 
Rhodesia. By H. B. Manre. Geological Survey Bull. No. 2, 
Southern Rhodesia. 

Presents a tentative classification of rocks of the territory and 
suggests a genetic connection between the auriferous lodes and felsitic 
porphyry intrusions. 

Preliminary Report on the Geology of the District East of Gatooma. 
By A. E. V. Zeattey. Geological Survey Bull. No. 1, Southern 
Rhodesia. 

Gold-bearing veins occur in Archean rocks. They are classified as 
replacement deposits of gold-bearing sulphides disseminated in fissured 
zones; fissure veins of gold-bearing quartz, and stock-works of quartz 
veins. The former are the most important and the suggestion is made 
that they are genetically connected with felsite intrusions. The 
Archean rocks are also described. 


Der Gangdistrikt von Altenberg in Schlesien auf Grund eigener 
Aufnahmen der Oberflache und der unterirdishen Aufschliisse. Pre- 
liminary’ communication by J. STAUFFACHER. Zeitschrift fiir prak- 
tische Geologie, Jan., 1914, pp. 12-15. 

The ore deposits are genetically related to intrusions into meta- 
morphosed Silurian slates, etc. The lodes are quartz-arsenopyrite- 
pyrite-dolomite bodies. In association with quartz porphyry dikes they 

carry precious metals, ‘particularly gold, and copper. In association 

with kersantite dikes, they are richer in silver and contain lead, zinc, 
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and copper. The precious metal content is in close relation to the 
arseno-pyrite-chalcopyrite content. In parts rich in chalcopyrite, the 
precious metal content increases with the amount of arsenopyrite. 

Die Goldkupferlagerstatte des Guanaco in Chile. By H. Turet und 
H. Mu.ier. Zeit. f. prakt. Geologie, July, 1913, pp. 300-320. 

Geology and Ore Deposits of the Covada Mining District. By Cas E. 
WeaAveER. Bull. No. 16, Washington Geological Survey, 84 pp., 5 
plates, 3 figs. 

Quartzites, schists, slates and crystalline limestones of carbonif- 
erous (?) age have been invaded by a granodiorite batholith. Well 
defined quartz fissure veins chiefly within the granodiorite mass or in 
the metamorphic rocks not far from the contact carry silver and lead 
with smaller amounts of gold, copper and antimony. The commercial 
values are in silver. 


COPPER. 


Das Kupfererzbergwerk zu Kedabeg, Gouvernement Elisabetpol, 
Kaukasus. By E. Cuaustorr. Zeit. f. prakt. Geologie, July, 1913, 
PP. 338-343- 

Zur Kenntnis der Lagerstatten in der Provinz Katanga der Belgischen 
Kongo-Kolonie. By C. Guittemain. Zeit. f. prakt. Geologie, July, 
1913, Pp. 320-337. 

Die Goldkupferlagerstatte des Guanaco in Chile. By H. Turret und 
H. Mutter. Zeit. f. prakt. Geologie, July, 1913, pp. 300-320. 


LEAD AND ZINC. 


Les Mines de Zinc et de Plomb du Djebel Ressas. By Max Lyon, 
MERCIER PAGEYOUL, FERNAND Lazporpe. Bulletin et Comptes Rendus 
Mansuels de la Société de L’Industrie Minéral, Nov., 1913. 

A district in which lead has been extracted since antiquity, 25 miles 
southeast of Tunis. Folded and faulted rocks of Triassic, Jurassic 
and lower Cretaceous age form the mountain where the mines are 
located. Lead and zinc sulphides connected with fractures and faults 
have replaced Jurassic limestone. Carbonates and sulphates of lead, 
and carbonates and silicates of zinc are also exploitable. Mining 
and elaborate milling methods are described in detail. 

Zirconiferous Sandstone near Ashland, Virginia. By THos. L. Watson 
and Frank L. Hess. Bulletin, Virginia Geological Survey, No. VIII. 

Das Erzvorkommen von Obernberg bei Gries am Brenner in Tirol. By 
R. Canavat. Zeit. f. prakt., Geologie, July, 1913. Pp. 293-299. 
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Das staatliche Blei-Zinkerz-Bergbauterrain bei Raibl in Karnten. By 
MAXIMILLIAN Kraus. Berg. u. hiittenminnischen Jahrbuch; vol. 61, 
Nos. 1 and 2, 1913. 

IRON. 


The Ta-Yeh Iron Ore Deposits, Hu-pei Province, China. By C. M. 
Wetp. Trans. Am. Inst. Mining Engineers, pp. 27-37, 3 figs. 
Hematite and magnetite ores at contact of hornblende granite and 
upper carboniferous limestone: series of lenses of varying size. De- 
scriptions of other writers are discussed and several hypotheses of 
origin suggested. Concludes that the ores are due to pneumatolitic 


after effects. Recognizes analogies with the Iron Springs District, 
Utah. 


The Iron Ores of the South Range of the Cuyuna District, Minnesota. 
By Cart Zaprre and W. A. Barrows, Jr. Trans. Am. Inst. of Mining 
Engineers, Vol. XLIV., pp. 3-13. 

Ores, principally limonite, are present in upper Huronian rock, in 
the Deadwood member of the Virginia slate. An estimate of tonnage 
by drilling on explored properties shows 20,000,000 tons, none of which 
contains less than 50 per cent. of iron. Tonnage estimates of ore 
containing more than 40 per cent. iron run as high as 110,000,000 tons. 

The chemical composition is discussed and comments are made on 
the metallurgy of the ores wherein it is stated that “ Their recovery 
offers no great difficulties” and “‘ Nowhere else in the Lake Superior 
region is there so great a tonnage of merchantable iron ore awaiting 
development.” 


A Titaniferous Iron Ore Deposit. By E. P. Jennincs. Trans. Am. 
Inst. of Mining Engineers, Vol. XLIV., pp. 14-25. 

Near Boulder, Colorado, titaniferous iron ore occurs as a narrow 
band 200+ feet in the center of a pyroxene-magnetite-biotite dike, 
associated with gabbro. The deposits, though extensive, are not of 
economic importance, but are excellent examples of iron ore of 
igneous origin. Analyses are given, and 8 photomicrographs of the 
ores and containing rocks are figured. 


La question du Minerai de fer en Belgique. By A. DetMER. Memoire- 
Annales des Mines de Belgique, Anuel 1913. Tome, XVIII., 2de 
Livraison. 

The iron ore deposits are of both primary and secondary origin: 
first, bedded sedimentary ores; second, replacements in limestone, 
derived from pyrite. Many maps and cuts are given and the deposits 

are described by districts. 


te 
\ 
: 


497 


RECENT LITERATURE IN ECONOMIC GEOLOGY. 


Lagerungsverhaltnisse und wirtschaftliche Bedeutung der Hisenerz- 
lagerstatte von Rottorf am Klei bei Helmstadt. By E. Harsort und 
A. Mestwerpt. Zeit. f. prakt. Geologie, Mar. and Apr., 1913. Pp. 
199-202. 

Ueber die Amberger Erzformation. By A. Rotupretz. Zeit. f. prakt. 
Geologie, June, 1913. Pp. 249-260. 

Beitrag zur Kenntnis der Itabirit Eizenerze in Minas Geraes, Brasilien. 
By Tu. GATHMANN. Zeit f. prakt. Geologie, May, 1913, pp. 234-240. 


Ein Titaneisenvorkommen kontaktmetamorpher Entstehung. By J. T. 
SINGEWALD, Jr. Zeit. f. prakt. Geologie, June, 1913, pp. 279-280. 


PYRITE. 


Die Tuffitzone der Mittleren Dobrogea (Dobrudscha) und die Kieslager- 
stitte von Altan-Tepe, ein Beispiel der Epigenese. By C. Moras. 
Zeit. f. prakt. Geologie, Oct., 1913, pp. 437-467. 

This paper describes the pyrite ore bodies at Altan-Tepe in 
Dobrogea, Roumania, and discusses various hypotheses as to their 
genesis. The author offers evidence for regarding them as epigenetic. 
The paper includes also a geologic outline of the province; a descrip- 
tion of the greenstones (tuffs) and other rocks with which the ores 
are associated; and notes on applicable mining methods, estimation of 
pyrite content of the ores, and statistics on Roumanian pyrite imports. 


Vorlaufiger Beitrag zur Frage der Entstehung der Pyritlagerstatten in 
der Provinz Huelva, Siidspanien. By H. Scorrr. Zeit. f. prakt. Geol., 
June, 1913, pp. 268-270. 

Presents examples from the mines of Huelva, Spain, of discordant 
relations of boundaries of pyrite bodies to wall rock structures which 
indicate epigenetic origin of the ores. 

Beitraige zur Kenntnis der Huelvaner Kieslagerstatten. By B. Werzic. 
Zeit. f. prakt. Geologie, May, 1913, pp. 241-246. 

Presents data and arguments in support of the view that the Huelva, 
Spain, pyrite bodies are of syngenetic origin. 


TIN, WOLFRAM AND RARE METALS. 


Ueber einige Zinnerzlagerstitten in Spanien und Portugal. By H. 
PrREISWERK. Zeit, f. prakt. Geologie, Feb., 1913, pp. 74-81. 


Wolfram Deposits of Badajoz, Spain. Engineering and Mining Journal, 
Jan. 3, 1914. 
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Translated from original paper by Julio Sacristan of the Escuela de 
Mieres, in Boletin del Instituto Geologica de Espana. 

Interesting deposits of wolfram minerals are found in the province 
of Badajoz, Spain. Their general geology is mentioned and a detailed 
description of the complex minerals found in the Virgen de Gracia 
mine is given. 


A Preliminary Report on Uranium, Radium and Vanadium. By 
Ricuarp B. Moore and Kart L. Kirnir. Bulletin, Bureau of Mines, 
No. 70, 98 pp., IV. plates. 2 figs. 

Presents a summary of available information regarding the sources 
of uranium, radium and vanadium; the methods used in treating the 
ores; and the uses of the finished products. 

In particular the paper describes the ores found in the United States, 
giving especial attention to the characteristics of the ores and the 
conditions of their occurrence that affect mining and treatment. 


Ein Uranmineralien fiihrender Gang der barytischen Bleierzformation im 
Weiler und Gereuth unweit der Ruine Geroldseck bei Reichenbach. 
By M. Henctein. Zeit. f. prakt. Geol., June, 1913, pp. 261-268. 


QUICKSILVER. 


Das Zinnobererzvorkommen von Pereta in Toskana. From the Italian 
of Dr. Bernardino Lotti by Kart Ermiscu. Zeit. f. prakt. Geologie, 
January, 1914, pp. 18-21. 

Cinnabar and other minerals impregnate flat sandy Pliocene sedi- 
ments which overlie steeply inclined Eocene limestone and slate. The 
ore deposits are restricted in area and are probably due to ascending 
solutions arising through fissures in the Eocene rocks. 


ORE GENESIS. 


Is the Boulder ‘‘Batholith’’ a Laccolith? A Problem in Ore-genesis. 
By Anprew C. Lawson. Bulletin, University of California Publica- 
tions, Vol. 8, No. 1, pp. 1-15, Jan. 8, 1914. 

The evidence upon which an opinion might be based as to the 
batholithic or laccolithic character of the mass in question is discussed 
and the conclusion is reached that a laccolithic form is more probable. 

From this it is argued that the copper ores of Butte have been 

deposited by hot ascending waters of Meteoric origin,—the metals 

being derived from segregations near the floor of the laccolith. 
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Primare und sekundare Erze unter besonderer Beriicksichtigen der 
‘‘Gel’’—und schwermetallreichen Erze. By P. Kruscu. Zeit. f. 
prakt. Geologie, November, 1913, pp. 506-513. 

Paper read at the XII International Geological Congress. 

The important conclusions reached in this paper are that “ gel 
ores” are not limited to the surface where they occur most abundantly, 
but are found also at considerable depths. They occur chiefly in the 
oxidation zone, but may also form in zones of primary deposition. 
No well established example is known of “gel ores” formed by 
“ Aszension.” “Gel ores” formed near the surface by descending 
solutions may be primary or secondary. The conditions for forma- 
tion of the rich sulphide ores are more favorable in the case of 
descending solutions.than in the case of ascending solutions. 


Die Turmalin fiihrende Kupferkies—Scheelitlagerstatte am Monte 
Mulatto bei Predazzo (Siidtirol). By B. Granicc with codperation of 
J. H. KoritscHoner. Zeit. f. prakt. Geologie, November, 1913, pp. 
481-497. 

This paper presents a study of vein formation and allied phenomena 
near Predazzo in the South Tyrol. Various stages in the mineraliza- 
tion of minute pegmatite dikes cutting porphyrite are recognized and 


described, and the deposits are found to be formed by emanations from 
granite. 


Recent Advances in the Study of Sulphide Enrichment. By C. F. 
Totman, Jr. Mining and Sci. Press, Vol. 108, No. 4, Jan. 24, 1914, 
pp. 172-174. 

A review of recent work. A bibliography, with summaries of the 
papers mentioned, is appended. 


NON-METALLIC. 


GRAPHITE. 


Graphite Deposits of Pennsylvania. By Benj. L. Mitter. Topographic 
and geologic survey of Pennsylvania, Report No. 6, 1912. 17 plates, 
133 pages. 

The bulletin is divided into two parts: I., containing the history, 
properties and occurrence of graphite in general. Its origin is dis- 
cussed and its uses and distribution in the United States presented. 
There is a chapter on artificial graphite. II., Deposits of Pennsylvania 
are discussed; history, geology; mining methods, concentration and 
descriptions of individual properties; uses and prices, production and 
outlook are given. A bibliography accompanies the report. 


j 

“Fy 


500 RECENT LITERATURE IN ECONOMIC GEOLOGY. 


FUELS. 


The Oil Fields of Burma. By E. H. Pascot. Memoirs of the Geo- 
logical Survey of India. Vol. XL., Part 1. 269 pp. 54 plates and 
maps. A comprehensive report. 


The Douglas Oil and Gas Field; Converse Co., Wyo. By V. H. BARNETT. 
Bulletin, U. S. Geological Survey, No. 541-C, 1914. 67 pp. 


Die Stratigraphie und Tektonik der Asphaltvorkommen von Hannover. 
By Fr. 4th Jahresbericht d. Niedersachsischen geo- 
logischen Verein, 1911, pp. 105-138. 

Presents in detail the stratigraphy and structure in a small area of 
Cretaceous and Jurassic asphalt-bearing rocks near Hanover. The 
asphalt is a secondary filling in various permeable horizons in the 
middle Jurassic. The bitumens were derived from subjacent forma- 
tions, either the bituminous slates and limestones of the Lias, or older 
sediments. 


Report on the Oil Fields of Barbados. By E. H. CUNNINGHAM CralIG. 
T. E. King & Co., Printers to the Government of Barbados. 

Strata of Tertiary (?) age carry oil. Three earth movements have 
affected the island. Two important periods of folding have occurred, 
the second being the more important from the standpoint of oil ac- 
cumulation. Several fields are described in detail. The author be- 
lieves that a prosperous, ... local industry .. . can be established. 


Contributions to Economic Geology, 1911, Part II., Coal. Bulletin, U. 
S. Geological Survey, No. 531. 
Zur Kenntniss einiger Kohlen der Kreideformation. By Ep. Donatu 
and A. Rzewax. Zeit. f. prakt. Geologie, Jan., 1914, pp. I-12. 
Chemical, paleobotanical, and geologic criteria are used for classify- 
ing some German and Austrian Cretaceous coals. Both the Upper 
and Lower Cretaceous contain bituminous and lignitic varieties. 


SALINES. 


Geology of the Salt and Gypsum Deposits of Southwestern Virginia. 
By Gro. W. Stose. Bulletin, Virginia Geol. Survey, No. VIII. 

Vorlaufige Mitteilung iiber einzelne Ergebnisse meiner Untersuchungen 
auf den Kaliwerken des Stassfurter Sattels. By F. ScHUNEMANN. 
Zeit. f. prakt. Geologie, May, 1913, pp. 205-216. 

Uber Steinsalz und Sole in Oberschlesien. By R. Micnart. Jahrbuch 


der K6niglich Preussischen Geologischen Landesanstalt. 1913. Band 
XXXIV., Teil 1, Heft 2, pp. 341-382. 
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WATER. 


A Preliminary Study of the Waters of the Jemez Plateau, New Mexico. 
By Crype Ketty and E. V. Auspacu. Bulletin, University of New 
Mexico, Chemistry Series, Vol. 1, No. 1. 

A general discussion with analyses. 


Die Wasserversorgung der Stadt Heidelberg in ihrer Gershichtlichen 
Entwickelung, jetzigen Bedeutung und zukiinftigen Gestaltung. By 
FriepricH Kucxux. Verhandlungen d. Naturhistorisch-Medizin- 
ischen. Vereins zu Heidelberg. New Series, Vol. 12, Part 3, pp. 
335-371. 

Ueber Grundwasserverhiltnisse und Wasserversorgung in Schleswig- 
Holstein. By C. Gacer. Zeit. f. prakt. Geologie, February, 1913, 
pp. 81-84. 

GENERAL. 


Ueber die sogenannte Krystallisationskraft. By W. Brunns and 
WERNER MECKLENBURG. 6th Jahresbericht d. Niedersachsischen 
geologischen Vereins, 1913, pp. 92—III. 

The authors conclude, after critical review of the literature, ex- 
periments of others, and their own experiments, that they have found 
no proof of any force peculiar to the growth of crystals. 


Economic Geology in 1913. By ApotpH Knopr. Engineering and Min- 

ing Journal, Vol. 97, No. 2, p. 112. 
A review of the notable features in the progress of economic geol- 

ogy during 1913. 

The Noatak-Kobuk Region, Alaska. By Puitip S. SmitH. Bulletin, 
U. S. Geological Survey, No. 536, 1913. 

Ueber die Gangverhaltnisse des Siegerlandes und seiner Umgebung. By 
W. Bornuarpt. Zeit. f. prakt. Geologie, Sept., 1913, pp. 389-405. 


Bibliography of Washington Geology and Geography. By GreTcHEN 
O’Donnett. Bull. Washington Geological Survey, No. 12. 


STATISTICAL. 


Die Bergwerke und Salinen im niederrheinischen—west falishen Berg- 
baubezirk im Jahre 1912. Published by the mining and metallurgical 
Journal, Gliickauf, Essen (Ruhr), 1913. 

Reports production of coal, coke, by-products. electric power brick, 
pressed brick, sand lime and brick, iron ore, zinc ore, lead ore, copper 
ore, pyrites and salt, classified according to mining districts in the 
lower Rhine and Westphalian region. 
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The Production of Cement, Lime, Clay Products, Stone and other Struc- 
tural Material in Canada, 1912. By Joun McLeisu. Department of 
Mines, Canada. 


Biennial Report on the Mineral Production of Virginia during the 


Calendar Years 1911 and 1912. By Tuomas L. Watson. Virginia 
Geological Survey Bulletin No. VIII. 
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SCIENTIFIC NOTES AND NEWS' 


IN THE DEPARTMENT of Geology of Northwestern University 
the following appointments have been made, to take effect on 
September I, 1914: 

Joseph E. Pogue, of the United States Geological Survey, to 
be associate professor of geology and mineralogy. 

William H. Haas, of the University of Chicago, to be instruc- 
tor in geology and geography. 

Henry R. Aldrich, of the Massachusetts Institute of Tech- 
nology, to be instructor in mining and metallurgy. 

John R. Ball, of Northwestern University, to be assistant in 
geology. 


A society has recently been organized with headquarters at 
Knoxville, Tenn., entitled the Southern Geographic Society. The 
objects are to stimulate members of the people of the South in 
the science of geography, both in connection with research and 
with geographic instruction in the schools. The officers of the 
Society are C. H. Gordon, President, William Rule, First Vice- 
President, W. M. Goodman, Second Vice-President, S. M. Bain, 
Third Vice-President, E. E. Patton, Recording Secretary, Lena 
B. Henderson, Corresponding Secretary, J. F. Voorhees, 
Treasurer. 


A. A. Hassan, of Brooklyn, has just finished an examination 
of the famous Crimora Manganese Mine, Virginia, and is now 
engaged in a trip of inspection through the gold mines near Haw- 
thorne, Esmeralda Co., Nevada. 


Tue Division or Mines of the Bureau of Science, Philippine 
Government, has recently suffered the loss of Mr. Paul R. Fan- 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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ning, metallurgist, who is now metallurgist for the American 
Zinc Company of Mascot, Tennessee; and Mr. Frank T. Edding- 
field, mining engineer, who has returned to Washington, D. C. 


Mr. WALLACE E. Pratt, geologist, has just returned from 
six weeks’ reconnaissance work in the Caramoan Peninsula, 
southeastern Luzon, where there exists a very interesting area of 
schistose rocks. He also made an examination of an iron deposit 
on a small island in the mouth of Mambulae Bay, Ambos 
Camarines. 


WarrEN D. Siti, chief of the Division, has just returned 
from two months’ field work in northern Luzon in the territory 
of the Kalingas and Ifugaos. Among other interesting results, 
he secured a very excellent collection of fossil plants and also 
marine tertiary fossils. Mount Amuyao, the second highest 
peak in Luzon, was ascended and elevation determined by hyp- 
someter. The extension of the Benguet and Mancayan-Suyoc 
mineral belt was traced and new areas indicated for prospecting. 


